8.0 WASTEWATER TREATMENT TECHNOLOGY DESCRIPTION

Thischapter consistsof thefollowing two main parts: Section 8.1, describing thewastewater treatment and
dudge handling methods currently in usein the Landfillsindustry and Section 8.2, presenting adiscussion
on the performance of treatment systems evaluated by EPA using data collected during engineering Ste

visits and field sampling programs.

8.1 Available BAT and PSES Technologies

The Landfillsindustry uses awide variety of technologies for treating wastewater discharges. These

technologies can be classified into the following five areas:

Section
C Best Management Practices 8.11
C Physical/Chemica Treatment 8.1.2
C Biological Treatment 8.1.3
C Sludge Handling 8.14
C Zero Discharge options 8.1.5

The EPA's Detailed Questionnaire obtained information on 14 treatment technologies currently in usein
the Landfillsindustry. Table 8-1 presents the technologies most commonly used by in-scope Subtitle D
non-hazardous and Subtitle C hazardouslandfill facilitiesby dischargetype. Thetable reportsthe percent
of landfill facilitieswhich use each treatment technology. In addition, EPA collected detailed information
on avail able technol ogies from engineering Site viststo anumber of landfill facilities. The data presented

below are based on these data collection efforts.

8.11 Best Management Practices

Best management practiceswith regard to wastewater generation at landfills can bedesigned to do one of
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two things: reduce the volume of |eachate produced by the landfill or reduce the toxicity of the leachate
produced by thelandfill. Thevolume of leachate generated by alandfill islargely dependent on the annua
precipitation that fals within the landfill area, percolates through the landfilled waste, and collectsin the
leachate collection system. State and Resource Conservation and Recovery Act (RCRA) regulations
require closed landfillsto ingtall an impermeable cap over the landfill to prevent infiltration of rainwater,
whichwill eventualy reducethe volume of wastewater produced by the landfill. Open landfills, however,
can smilarly use methods to reduce rainwater infiltration to the landfill and, hence, reduce wastewater
generation. Theopenfaceof thelandfill istheactive areawhere solid waste is deposited, compacted, and
covered with dally fill. Thisareacan act asacollection point for rainwater. By maintaining asmal open
face on the landfill, dong with using impermesble materids on the closed or inactive sections, a landfill

operator can reduce the volume of wastewater collected and produced by an open landfill.

The criteriaoutlined by the Office of Solid Waste and Emergency Responsein 40 CFR § 257, 258, 264,
and 265 provide additional controlsto reduce the volume and/or toxicity of landfill leachate. 40CFR Part
257 (“Criteriafor Classfication of Solid Waste Disposd Facilities and Practices’) establishes disposal
practicesfor non-municipa , non-hazardouswastedisposa units(includingwastedisposal unitsthat receive
conditiona ly-exempt amd| quantity generator waste). InPart 257.3-3(c), theregul ationsstatethat afacility
shdl not cause non-point source pollution of waters of the United States that violates the applicable lega
requirementsimplementing an area or Statewide water quality management plan. 40 CFR Part 258
(“Criteriafor Municipa Solid Waste Landfills") requiresmunicipal solidwastelandfillstodesign, construct
and maintain run-on/run-off control systems (40 CFR 258.26), cover the digposed solid waste with six
inches of earthen materid at the end of each operating day (40 CFR 258.21), and subject these fecilities
to closure criteria, which requireafina cover to be applied to cover the wastes (40 CFR 258.60). These
requirementsgreatly reduce the risk of storm water becoming contaminated as aresult of direct contact
with the deposited solid waste. Subpart N of 40 CFR Part 264 ( “ Standards for Owners and Operators
of Hazardous Waste Treatment, Storage, and Disposal Facilities’) establishes design and operating

requirementsfor hazardouswastelandfills. Hazardouswaste landfillsmust design, construct, operate, and



maintain run-on/run-off control systems (264.301(g)) and, if the landfill contains particulate matter which
may be subject to wind dispersa, theoperator must cover or otherwise manage thelandfill to control wind
dispersal (264.301(j)). Subpart N of 40 CFR Part 265, “Interim Status Standards for Owners and
Operators of Hazardous Waste Treatment, Storage, and Disposa Facilities,” defines smilar controls to

those identified above for Part 264 for the control of storm water contamination.

I naddition, many municipa solidwastelandfillsand communitieshavedeve oped programsto prevent toxic
materidsfrombeing deposited in landfills. Solid waste generated by households may contain many types
of waste which may present an environmenta hazard, including paints, pesticides, and batteries. Many
communities have devel oped household hazardous waste collection programs which collect and dispose
of these hazardous wastesin an appropriate manner, thus avoiding deposition of hazardous wastesin the

municipal landfill and reducing the risks associated with the leachate produced by the landfill.

8.1.2 Physical/Chemical Treatment
8.1.21 Equalization

Wastewater and leachate generationrates at landfillsvary duetotheir direct relationship to rainfal, ssorm
water run-on and run-off, ground water entering the waste-containing zone, and the moisture content and
absorption capability of the wastes. To alow for the equdization of pollutant loadings and flow rates,
leachateand other |andfill generated wastewater isoften collected prior to treatment intanksor pondswith
aufficient capacity to hold the peak flows generated at the facility. A constant flow is delivered to the
treatment system from these holding tanksin order to dampen the variation in hydraulic and pollutant
loadingsto thewastewater trestment system. Thisreductioninhydraulicand pollutant variability increases
the performance and reliability of down stream treatment systems and can reduce the Size of subsequent
treatment tanksand chemical or polymer feed ratesby reducing the maximum flow ratesand concentrations
of pollutants. Equalization also lowers the operating costs associated with treatment units by reducing
instantaneoustreatment capacity demand and by optimizing theamount of trestment chemica srequired for
alesseratic set of treatment variables. Nationa estimates based on EPA’ s Detailed Questionnaire data
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show that 21 percent of direct and 12 percent of indirect non-hazardous landfill facilities use some form

of equalization as part of wastewater treatment systems.

Equdization systems congst of sted or fiberglass holding tanks or lined ponds that provide sufficient
capacity to contain peak flow conditions. Detention times are determined using a mass balance equation
and are dependent on Site-specific generation rates and treatment design criteria. According to data
collected by EPA’ s Detailed Questionnaire, detention times can rangefrom lessthan aday to 90days, with
amedian value of about two days. Equdization systems contain either mechanical mixing systems or
aeration systems to enhance the equalization process by keeping the tank contents well mixed and

prohibiting the settling of solids.

A breakdown of equalization systems used in the Landfillsindustry based on the responsestothe Detailed

Questionnaire is as follows:

Equalization Type % Non-Hazardous Facilities % Hazardous Facilities
Direct Indirect Indirect

Unstirred 13 7 0

Mechanicaly Stirred >1 <1 0

Aerated 11 6 0

A typical equalization system is shown in Figure 8-1.

8.1.2.2 Neutralization

Wastewater generated by landfillsmay haveawiderange of pH depending on thetypesof waste deposited
inthelandfill. Inmany instances, raw wastewater may requireneutraization to diminateeither high or low
pH vaues that may upset a trestment system, such as activated dudge biologicd treatment. However,
landfill facilities aso use neutraization systemsin conjunction with certain chemica treatment processes,
such as chemical precipitation, to adjust the pH of the wastewater to optimize process control. Acids,

suchassulfuricacidor hydrochloric acid, are added to reduce pH, and alkalies, such as sodium hydroxide,
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are added to raise pH values. Neutrdization may be performed in a holding tank, rapid mix tank, or an
equdizationtank. Typicaly, neutralization systemsat theend of atreatment system aredesigned to control
the pH of thedischargeto between6and 9. National estimates based on EPA’ s Detalled Questionnaire
datashow that 33percent of indirect hazardouslandfills, 6 percent of indirect non-hazardouslandfills, and
7 percent of direct non-hazardous landfill facilitiesemploy neutraization as part of wastewater treatment

systems using a variety of chemical additives to control pH.

Figure 8-2 presents a flow diagram for atypical neutralization system.

8.1.2.3 Flocculation

Flocculation is a treatment technology used to enhance sedimentation or filtration treatment system
performance. Flocculation precedes these processes and usualy consists of arapid mix tank, or in-line
mixer, and aflocculation tank. Thewaste streamisinitialy mixed while aflocculation chemica is added.
Flocculantsadherereadily to suspended solidsand each other tofacilitategravity sedimentationor filtration.
Coagulantscanbe added to reducethe e ectrostati ¢ surface charges and enhance theformation of complex
hydrous oxides. Coagulation alows for the formation of larger, heavier particles, or flocculants (which
usudly forminafloccul ation chamber), that can settlefaster. Therearethreedifferent typesof flocculants
commonly used: inorganic eectrolytes, natura organic polymers, and synthetic polyelectrolytes. The
selection of the specific treatment chemicd is highly dependent upon the characteristics and chemical
properties of the contaminants. A rgpid mix tank isusualy designed for adetention time from 15 seconds
to severa minutes (seereference 3). After mixing, the coagulated wastewater flowsto aflocculation basin
where dow mixing of the waste occurs. The dow mixing alows for the particles to agglomerate into
heavier, more settleable solids. Mixing is provided elther by mechanica paddle mixersor by diffused air.
Flocculationbasinsaretypically designed for adetention time of 15 to 60 minutes (seereference 3). Since
many landfill facilitiesemploy gravity-ass sted separation and chemica preci pitation as part of wastewater
treatment systems, EPA assumes that many of these facilities employ flocculation to enhance system

performance.



8.1.24 Gravity Assisted Separation

Gravity-assisted separation or sedimentation isasmple, economical, and widely used method for the
treatment of landfill wastewater. Clarification systems remove suspended matter, flocculated impurities,
and precipitatesfromwastewater. By alowingthewastewater to become quiescent, the suspended métter,
whichisheavier than water, can settleto the bottom of the clarifier, forming adudge blanket which can be
removed. Thisprocesscan occur inspecially designed tanks, or in earthen pondsand basins. Clarification
systems can a so be equipped to dlow for the remova of materidslighter than water, such as oils, which
are skimmedfrom the surface and collected for disposal. Sedimentation unitsat landfillsare used aseither
primary treatment options to remove suspended solids or as a secondary treatment option following a
biological or chemical precipitation process. Sedimentation processes are highly sensitive to flow

fluctuations and, therefore, usually require equalization at facilities with large flow variations.

Clarifierscan berectangular, square, or circular inshape. Inrectangular or squaretanks, wastewater flows
fromone end of thetank to the other with settled dudge collected into ahopper located at one end of the
tank. Incircular tanks, flow enters from the center and flows towards the outside edge with sludge
collected in acenter hopper. Treated wastewater exitsthe clarifier by flowing over awelr located &t the
top of the clarifier. Sudge which accumulates a the bottom of the clarifier is periodicaly removed and is
typicaly stabilized and/or dewatered prior to disposal. National estimates based on EPA’s Detailed
Questionnaire data suggest that 67 percent of indirect hazardous landfills, 9 percent of indirect non-
hazardous|andfills, and 27 percent of direct non-hazardouslandfill facilitiesemploy someform of gravity-

assisted separation as part of wastewater treatment systems.

Flocculation systems are commonly used in conjunction with gravity-assisted clarification systemsto
improve their solids removal efficiency. Some clarifiers are designed with a center well to introduce
flocculants and alow for coagulation in order to improve remova efficiencies. A schematic of a typical
clarificationsystem using coagul ation and flocculationisshownin Figure8-3. Themain design parameters

used indesigning aclarifier arethe overflow rate, detention time, and the side water depth. Overflow rate
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isthemeasure of theflow asafunction of the surface area of the clarifier. Typica design parameters used

for both primary and secondary clarifiers are presented below (see reference 7):

Design Parameter Primary Secondary
Overflow rate, gpd/sq ft 600-1,000 500-700
Detention time, min 90-150 90-150
Minimum Side water depth, ft 8 10

A variaionof conventiond clarification processisthechemicaly-ass sted clarification process. Coagulants
are added to clarifiers to enhance liquid-solid separation, permitting solids denser than water to settle to
the bottom and materials less dense than water (including oil and grease) to flow to the surface. Settled
solidsform adudge at the bottom of the clarifier which can be pumped out continuoudly or intermittently.
Oil and grease and other floating materials may be skimmed.

Chemicdly assisted clarification may be used aloneor aspart of amore complex treatment process. It dso
may be used in the following capacities:

C The first process applied to wastewater containing high levels of settleable suspended
solids.

C The second stage of most biological treatment processes to remove the settleable
materids, includingmicroorganisms, fromthewastewater; themicroorganismsthencanbe
either recycled to the biologica reactor or sent to the facility’ s dudge handling system.

C Thefind stage of most chemica precipitation (coagul ation/flocculation) processes to
remove the inorganic flocs from the wastewater.

Asdiscussed in Chapter 9, chemically-assisted clarification was a component of the model wastewater
treatment technology for estimatingthe BPT engineering costs of compliance and applied in certain cases.
In developing regulatory compliance costs, EPA used chemically-assisted clarification processes as an
additiona polishing processafter biological treatment. Chemically- asssted clarification processesconsist
of bothacl arifier and apolymer feed system. For facilitiescurrently with sedimentation following biologica

8-7



treatment, EPA provided additiona costs only for a polymer feed system. EPA included chemically-
assisted dlarification systemsin the BPT option to aidin the settling processfollowing biologica treatment
to enhance both TSS and BOD; removal's through the wastewater treatment process. Higher BOD,
removas can be obtained by the additiona remova of microbid flocintheclarifier. EPA cogted facilities
for achemicaly-assisted clarification system when their current performance for TSS and/or BOD, was
dightly out of compliance with regulatory levels (up to 10 mg/L for BOD, and 50 mg/L for TSS). For
ingtance, if afacility had an aerobic lagoon treatment system and exceeded the regulatory level for TSSby
20 mg/L, EPA costed the facility for a chemically-assisted clarification system.

Although no landfill facilitiesin EPA’ s database reported using chemical addition, chemically-assisted
clarificationisaproven technology for theremova of BOD; and TSSin avariety of industrial categories

(seereference 19).

National estimatesindicate that |essthan one percent of direct and indirect non-hazardouslandfillsuse an
dternative clarification system design based on corrugated plate interceptor (CPI) technology. These
sysemsincludeaseriesof smal (gpproximeately two inch square) inclined tubesin the clarification settling
zone. The suspended matter must only travel ashort distance, when settlingor floating, before they reach
asurface of thetube. At thetubes surface, the suspended matter further coagulate. Because of the
increased surface area provided by the inclined tubes, CPI units can have much smaler settling chambers

than standard clarifiers.

8.1.25 Chemical Precipitation

Chemicd precipitation is used for the remova of metal compounds from wastewater. In the chemical
precipitation process, soluble metdlic ions and certain anions found in landfill wastewater are converted
to insoluble forms, which precipitate from solution. Most metas are relatively insoluble as hydroxides,
sulfides, or carbonates. Coagulation processes are used in conjunction with precipitation to facilitate

removal by agglomeration of suspended and colloida materids. The precipitated metas are subsequently
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removed from the wastewater stream by liquid filtration or clarification (or some other form of gravity
ass sted separation). Other treatment processessuch asequalization, chemica oxidation, or reduction(e.g.,
hexava ent chromium reduction) usualy precede the chemical precipitation process. The performance of
the chemical precipitation processisaffected by chemica interactions, temperature, pH, solubility of waste

contaminants, and mixing effects.

Common precipitates used a landfillsfacilitiesinclude lime, sodium hydroxide, sodaash, sodium sulfide,
and aum. Other chemicasused in the precipitation processfor pH adjustment and/or coagulationinclude
sulfuric and phosphoric acid, ferric chloride, and polyeectrolytes. Often, facilities use acombination of
these chemicals. Precipitation usng sodium hydroxide or lime is the conventionad method of removing
metals from wastewater at landfill facilities. Hydroxide precipitation is effective in removing metals such
as antimony, arsenic, chromium, copper, lead, mercury, nickd, and zinc. However, sulfide precipitation
isused, instead of hydroxide precipitation, to remove specific meta ionssuch asmercury, lead, and Slver.
Carbonate precipitation is another method of chemical precipitation and is used primarily to remove
antimony and lead. Use of dum as a preci pitant/coagulant agent results in the formation of aluminum
hydroxides in wastewater containing calcium or magnesium bicarbonate. Aluminum hydroxideis an
insoluble gelatinous floc which settles dowly and entraps suspended materids. Itiseffectivefor removing

metals such as arsenic and cadmium.

Sincelimeislessexpensve than caugtic (sodium hydroxide), it is more frequently used at landfill facilities
employing hydroxideprecipitation. However, limeismoredifficult to handleandfeed, asit must bedaked,
durried, and mixed and can often plug feed systemlines. Lime precipitation aso producesalarger volume
of dudge. The reaction mechanism for precipitation of a divalent metal using lime is shown below:

M** + Ca(OH), 6 M(OH), + Ca™*

And, the reaction mechanism for precipitation of a divalent metal using sodium hydroxideis:



M** + 2NaOH 6 M(OH), + 2Na"*

Inadditiontothetypeof trestment chemical chosen, animportant designfactor inthechemica precipitation
operationispH. Meta hydroxides are amphoteric, meaning they can react chemicaly as acids or bases.
Assuch, their solubilitiesincreasetoward both lower and higher pH levels. Therefore, thereisan optimum
pH for precipitation for each metal, which correspondsto its point of minimum solubility. Figure 8-4
presents ca culated solubilities of meta hydroxides. For example, as demonstrated on this figure, the

optimum pH range where zinc is least soluble is 8 to 10.

Another key consderationinachemica precipitation applicationisthe detention timein the sedimentation
phase of the process. The optimal detention time is dependent on the wastewater being treated and the
desired effluent quality.

The first step of achemica precipitation processis pH adjustment and the addition of coagulants. This
process usually takes place in separate mixing and flocculation tanks. After mixing the wastewater with
treatment chemicals, the resultant mixture agglomeratesin the flocculation tank, and is mixed dowly by
either mechanical means, such as mixersor recirculation pumping. The wastewater then undergoes a
Separation/dewatering process, such asclarificationor filtration, wherethe preci pitated metal sareremoved
fromsolution. In aclarification system, aflocculant, such asapolymer, is sometimes added to aid in the
settling process. The resulting dudge from the clarifier or filter must be further treated, disposed, or
recycled.

National estimates based on EPA’ s database indicate that 33 percent of indirect hazardous landfills, 5
percent of indirect non-hazardouslandfills, and 9 percent of direct non-hazardouslandfill facilitiesemploy
chemicd precipitation as part of wastewater treatment systems. A typica chemica precipitation system
is presented in Figure 8-5.
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81251 Iron (Fe) Coprecipitation

One cogt-€effective gpproach to remove metds is the iron adsorption and coprecipitation process. This
processinvolvesadding anironsalt, such asferric chlorideor ferric sulfate, towastewater (unlessit already
contains sufficient quantities of dissolved iron) to form iron hydroxide precipitate [Fe(OH)4(s)]. Abovea
pH of 4, theformation of thisamorphous preci pitate occursrapidly, caus ng entragpment of many dissolved
and suspended forms of various metals. This*sweep floc” resultsin the formation of alarge quantity of

solids (dludge) that can be gravity separated in a conventional clarifier (see reference 57).

8.1.2.6 Chemical Oxidation/Reduction

Chemical oxidation treatment processes can be used to remove ammonia, to oxidize cyanide, to reduce
the concentration of residua organics, and to reduce the bacteria and vira content of wastewater. Both
chlorineand ozone are two chemicasthat are commonly used to destroy residual organicsin wasteweter.
When these chemicdsare used for this purpose, disinfection of thewastewater isusualy an added benefit.
A further benefit of using ozoneis the remova of color. Ozone can aso be combined with hydrogen
peroxideto remove organic compoundsincontaminated ground water. Another useof oxidationisfor the
conversionof pollutantsto end productsor to intermediate products that are more readily biodegradable
or removed morereadily by adsorption. Nationa estimatesbased on the Detail ed Questionnaire datashow
that 33 percent of indirect hazardous landfills, 11 percent of direct non-hazardous landfills, and less than
one percent of indirect non-hazardous landfill facilities use chemica oxidation units as part of wastewater

treatment systems.

Chemica oxidationisachemica reaction processin which oneor more electrons aretransferred from the
chemica being oxidized to thechemical initiating thetransfer (the oxidizing agent). The electron acceptor
may beancther element, including an oxygen molecule, or it may be achemica gpecies containing oxygen,
such as hydrogen peroxide, chlorine dioxide (see Section 8.1.2.6.1), permanganate, or ozone. This
processisa so effectivein destroying cyanideand toxic organic compounds. Figure8-6 presentsaprocess

schematic for a chemical oxidation system that uses an alkaline chlorination process.
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Chemicd oxidationisapotential trestment optionfor theremoval of certainorganicpollutantsfromleachate
or ground water. Theamount of oxidant required in practiceisgenerally greater than thetheoretical mass
cadculated. Thereasonsfor thisare numerous and include incomplete oxidant consumption and oxidant
demand caused by other speciesin solution. Oxidation reactions are cataysts and pH dependent; hence,
pH control isanimportant designvariable. For many facilitiesutilizing chemical oxidation, partia oxidation
of organics, followed by additiona treatment options, may be more efficient and cost effective than using

a complete oxidation treatment scheme alone.

According to the Detailed Questionnaire data, landfill facilities use chemical oxidation processesto treat
cyanide-bearing wastes and organic pollutants and as adisinfectant. When treating cyanide or organic
wastes, these processes use strong oxidizing chemicals, such aschlorinein dementd or hypochlorite sat
form. Asadisinfection process, an oxidant (usualy chlorine) is added to the wastewater in the form of
ether chlorinedioxideor sodiumhypochlorite(see Section8.1.2.6.1). Other disinfectant chemicasinclude
ozone, hydrogen peroxide, sulfur dioxide, and cacium hypochlorite. Once the oxidant is mixed with the
wastewater, sufficient detentiontime (usualy 30 minutes) isalowed for the disinfecting reactionsto occur

(seereference 7).

Chemicd reduction processes involve a chemicd reaction in which electrons are transferred from one
chemical to another to reduce the chemica state of a contaminant. The main application of chemical
reductioninleachatetreatment isthereductionof hexavalent chromiumto trivalent chromium. Chromium
reduction is necessary due to the inability of hexavaent chromium to form a hydroxide, and enables the
trivalent chromium to be precipitated from solution in conjunction with other metdlic salts. Figure 8-7
presents aflow diagram of a chromium reduction system. Sulfur dioxide, sodium bisulfate, sodium

metabisulfate, and ferrous sulfate are typical reducing agents used at landfill facilities.

8.1.2.6.1 Breakpoint Chlorination

Breakpoint chlorination, in wide use asawastewater treatment technology, is aphysca-chemica means
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of removing ammoniafromwastewater. Chlorineisadded to processwatersuntil the chlorine demand of
the wastewater has been satisfied. At this point, the total dissolved residual chlorine has reached a
minimum (the breakpoint) and theammoniahas been oxidizedto form nitrogen gasand hydrochloric acid.
EPA evauated breakpoint chlorination asan dternative to biologica treatment for removing anmoniaat
landfill facilitieswith low BOD concentrations. EPA concluded that these facilities may have difficulty

operating biological treatment systems due to the low organic content of the wastewater.

Themost common chlorinecompoundsusedinwastewater treatment plantsarechlorinegas(Cl,), calcium
hypochlorite[ Ca(OCl),], sodium hypochlorite (NaOCI), and chlorinedioxide(ClO,). Caciumand sodium
hypochlorite are most often used in very small treatment plants, such as package plants, where smplicity
and sefety arefar moreimportant than cost. Sodium hypochloriteisoften used at largefacilities, primarily
for reasons of safety asinfluenced by local conditions. Because chlorine dioxide does not react with

ammonia, itisasoused inanumber of treatment facilitieswhereinterferenceswith ammoniaareaconcern.

Themaintenanceof achlorineresdud for the purpose of wastewater disinfectioniscomplicated by thefact
that free chlorine not only reactswith ammonia, but isalso astrong oxidizing agent. Aschlorineisadded,
readily oxidizable substances, such as Fe, Mn*?, H,S, and organic matter, react with the chlorine and
reducemost of ittothechlorideion. After meeting thisimmediate demand, the chlorine continuesto react
with the ammoniato form chloramines. Additional chlorine will cause some of the chloramines to be
convertedtonitrogentrichloride (NCl,), theremaining will beoxidizedtonitrousoxide (N,O) and nitrogen
(N,), and thechlorinewill bereduced to the chlorideion. With continued addition of chlorine, most of the
chloramineswill be oxidized at the breakpoint. Continued addition of chlorine past the breakpoint will
result in adirectly proportiond increasein the free available chlorine (unreacted hypochlorite). Themain
reason for adding enough chlorine to obtain afree chlorineresdud isthat usualy disinfection can then be

ensured (see reference 56).
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8.1.2.7 Air Stripping

Stripping is an effective treatment method for removing dissolved volatile organic compounds from
wastewater. Theremova isaccomplished by passing air or steam through the agitated waste stream. The
processresultsinacontaminated of f-gasstream which, depending upontheair emiss onsstandards, usually
requiresair pollution control equipment. Nationa estimatesbased on EPA’ sDetailed Questionnairedata
indicatethat 4 percent of direct and approximately one percent of indirect non-hazardouslandfill fecilities

use air stripping as part of wastewater treatment systems.

The driving force of air stripping mass-transfer operation is the difference in concentrations between the
arandliquidstreams. Pollutantsaretransferred from the more concentrated wastewater streamtotheless
concentrated air stream until equilibriumisreached. This equilibrium relationship is defined by Henry's
Law. The strippability of apollutant is expressed asits Henry's Law Congtant, which isafunction of its
volatility and solubility.

Air gtripping (or steam stripping) can be performed in tanks or in spray or packed towers. Treatment in
packed towersisthe most efficient application. The packing typically conssts of plastic rings or saddles.
The two types of towersthat are commonly used, cross-flow and countercurrent, differ in design only in
thelocation of theair inlets. Inthecross-flow tower, theair isdrawn through the sidesfor the total length
of the packing. Thecountercurrent tower drawsitsentirearr flowfrom thebottom. Thecross-flow towers
have been found to be more susceptible to scaing problems and are less efficient than countercurrent

towers.

Figure 8-8 presents a flow diagram of a countercurrent air stripper.

8.1.2.8 Filtration

Filtrationisamethod for separating solid particlesfrom afluid through the use of a porous medium. The

driving forceinfiltration isapressure gradient caused by gravity, centrifugd force, or avacuum. Filtration
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trestment processes can be used at landfillsto remove solids from wastewater after physical/chemica or
biologicd treatment or as the primary source of |eachate trestment. Filtration processes include a broad
range of media and membrane separation technologies from ultrafiltration to reverse osmoss. Toadin
removal, thefilter medium may be precoated with afiltration aid such asground cellulose or diatomaceous

earth.

National estimates based on the Detailed Questionnaire data indicate that 11 percent of direct and two
percent of indirect non-hazardous landfill facilities have some form of filtration as part of wastewater

treatment systems, including the following:

Type of Filtration System % Non-Hazardous Facilities
Direct Indirect

Sand 6 <1

Diatomaceous earth 0 <1

Granular multimedia 6 <1

Membrane 0 1

Fabric 0 <1

Dissolved compounds in landfill wastewater are sometimes pretreated to convert the compound to an
insoluble solid particle prior to filtration. Polymers are sometimes injected into the filter feed piping
downstream of feed pumps to enhance flocculation of smaller flocsthat may escape an upstream clarifier.

Pretreatment for iron and calcium is sometimes necessary to prevent fouling and scaling.

The following sections discuss the various types of filtration in use at landfills facilities.

8.1.28.1 Sand Filtration

Sandfiltration processescons st of elther afixed or moving bed of mediathat trapsand removes suspended
solids from water passing through the media. There are two types of fixed sand bed filters: pressure and
gravity. Pressurefilterscontain mediain an enclosed, watertight pressure vessal and requireafeed pump
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toforcethewater throughthemedia. A gravityfilter operatesonthebasisof differential pressureof astatic
head of water abovethe media, which causesflow through thefilter. Filter loading ratesfor sand filtersare
typically between 2 to 6 gpm/sq ft (see reference 7).

Allfixedmediafiltershaveinfluent and effluent distributionsystemscons sting of pipesandfittings. Strainers
inthetank bottom areusually stainlessstedl screens. Layersof uniformly sized gravel dso serve asbottom
srainers and as a support for the sand. For both types of filters, the bed builds up head loss over time.
Head lossisameasure of solidstrapped inthefilter. Asthe filter becomesfilled with trapped solids, the
efficiency of thefiltration processfalls off, and the filter must be backwashed. Filters are backwashed by
reversing the flow so that the solids in the media are didodged and can exit the filter; sometimes air is

dispersed into the sand bed to scour the media.

Fixed-bed filters can beautomatically backwashed when the differentia pressure exceedsapreset limit or
when a timer starts the backwash cycle. Powered valves and a backwash pump are activated and
controlled by adjustablecamtimersor e ectronic programmable-logiccontrollersto perform the backwash
function. A supply of clean backwash water is required. Backwash water and trapped particles are
commonly discharged to an equalization tank upstream of the wastewater treatment system’s primary

clarifier or screen for removal.

Moving bed filtersuse an air lift pump and draft tube to recirculate sand from the filter bottom to the top
of thefilter vessdl, whichisusually open at thetop. Dirty water entering thefilter at the bottom must travel
upward, countercurrently, through the downward moving fluidized sand bed. Particles are strained from
the rising water and carried downward with the sand. Dueto the differencein specific gravity, the lighter
particles are removed from thefilter when the sand isrecycled through a separation box at the top of the
filter or inaremotelocation. The heavier sand falsback into thefilter, whilethelighter particlesflow over

aweir towaste. Moving bed filtersare continuoudy backwashed and have aconstant rate of effluent flow.
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8.1.2.8.2 Diatomaceous Earth

Thesefiltration systems use diatomaceous earth, anatural substance, as a precoat on elther a vacuum or
pressurefilter arrangement to enhance removd efficiencies. In theseinstances, the diatomaceous earth is
placed asathin layer over ascreen. Thewastewater then is passed through the layer of earth and screen,
withthe suspended particlesbeing filtered. A vacuum can be drawn acrossthe screen, or pressure gpplied
to the wastewater to help the liquid pass through the filter medium.

8.1.2.8.3 Multimedia Filtration

Multimedia, or granular bed, filtration is used for achieving supplementa removal of residua suspended
solidsfrom the effluent of chemical or biologicd trestment processes. Thesefilters can be operated either
by gravity or under pressurein avessel. In granular-bed filtration, the wastewater stream is sent through
abed containing one or more layers of different granular materias. The solids are retained in the voids
between the media particleswhilethewastewater passesthroughthe bed. Typica mediausedingranular-
bed filters include anthracite coal, sand, and garnet. These media can be used alone, such asin sand
filtration, or inamultimediacombination. Multimediafiltersare desgned such that theindividud layersof
mediaremainfairly discrete. Thisisaccomplished by selecting appropriatefilter loading rates, mediagrain
Sze, and bed density. Hydraulic loading rates for amultimediafilter are between 4 to 10 gpm/sq ft (see

reference 7).

A multimediafilter operates with the finer, denser media at the bottom and the coarser, less dense media
at thetop. A common arrangement is garnet at the bottom of the bed, sand in the middle, and anthracite
coal at thetop. Some mixing of theselayersoccurs. Duringfiltration, theremova of the suspended solids
isaccomplished by acomplex processinvolving oneor moremechani sms, suchas straining, sedimentation,
interception, impaction, and adsorption. The medium sizeisthe principa characterigtic that affects the
filtrationoperation. If themediumistoosmall, much of thedriving forcewill bewasted in overcoming the
frictiona resstance of thefilter bed. If themediumistoo large, smdl particleswill travel through the bed,

preventing optimum filtration.
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Theflow pattern of multimediafiltersisusualy top-to-bottom. Upflow filters, horizonta filters, and biflow

filtersare also used. A top-to-bottom multimediafilter is represented in Figure 8-9.

8.1.2.8.4 M embr ane Filtration

Membrane filtration systems employ a semi-permeable membrane and a pressure differential. Both

ultrafiltration and reverse osmosis are commonly used membrane filtration processes.

8.1.284.1 Ultrafiltration

Ultrafiltrationusesasemipermesbl emi croporousmembrane, throughwhichthewastewater i spassed under
pressure. Water and low molecular weight solutes, such as salts and surfactants, pass through the
membrane and are removed as permeate. Emulsified oils and suspended solids are rejected by the
membrane and removed with some of the wastewater as a concentrated liquid. The concentrate is
recirculated through the membrane unit until the flow of permeate drops. The permeate can either be
discharged or passed aong to another trestment unit. The concentrate is contained and held for further
treatment or disposal. Severa typesof ultrafiltrationmembranesconfigurationsareavail able: tubular, spird
wound, hollow fiber, and plate-and-frame. A typica ultrafiltration system is presented in Figure 8-10.

Ultrefiltration is commonly used for the trestment of meta-bearing and oily wastewater. It can remove
substances with molecular weights greater than 500, including suspended solids, oil and grease, large
organic molecules, and complexed heavy metds (seereference 8). Ultrdfiltration is used when the solute
molecules are greater than ten timesthe s ze of the solvent molecules and lessthan one-half micron. The
primary design considerationin ultrafiltration isthe membrane selection. A membrane poreszeischosen
based on the size of the contaminant particles targeted for removal. Other design parameters to be
congdered are the solids concentration, viscosity, and temperature of the feed stream, and the membrane

permeability and thickness.
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8.1.2.8.4.2 Rever se Osmosis

Reverse osmos sisaseparation processthat uses sel ective semi permeablemembranesto removedissolved
solids, suchasmeta sdlts, fromwater. Themembranesare more permeableto water than to contaminants
or impurities. The wastewater isforced through the membrane a an applied pressure that exceeds the
osmotic pressure caused by the dissolved solids. Molecules of water pass through the membrane as
permeate while contaminants are flushed a ong the surface of the membrane and exit as concentrate. The
concentrate flow from areverse osmosis system ranges from 10 to 50 percent of the feed flow, with
concentrations of dissolved solids and contaminants approaching 10 times that of the feed water (see
reference 6). The percentage of permeate that passes through the membranes is afunction of operating

pressure, membrane type, and concentration of the contaminants in the feed.

Cdlulose acetate, aromatic polyamide, and thin-film composites are commonly used membrane materids.
Reverse osmoss membranes are configured into tubular, spird wound, hollow fiber, or plate-and-frame
modules. Modules are inserted into long pressure vessals that can hold one or more modules. Reverse
osmosissystemscons s of apretreatment pump, ahigh pressurefeed pump, one or more pressure vessdls,

controls, and instrumentation. A tubular reverse osmosis module is shown in Figure 8-11.

Membranes have alimited life depending upon application and are replaced when cleaning is no longer
effective. Membranescan becleaned manudly or chemicaly by recircul ating the cleaning solution through
themembranesto restore performance. Membranescan aso beremoved from thereverseosmosissystem
and sent off site for flushing and rgjuvenation. Membranes are replaced when cleaning is no longer

effective.

Membrane pore sizesfor atypicd reverse osmoss syslem range from 0.0005 to 0.002 microns, while
pressuresof 300t0400 ps areusualy required (seereference 39). Therefore, reverse osmosisfeed-water
needsto bevery low inturbidity. Pretreatment of landfill wastewater prior to reverse osmosis treatment
may be necessary, including chemica addition and clarification, or cartridgefiltration usng Smicronfilters
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to remove suspended particulates from the influent in order to protect pumps and membranes. Carbon
adsorption is recommended as pretreatment for membranes sensitive to chlorine. Biofouling can be
prevented by chlorination and dechlorination of thefeed water. To maintain the solubility of metals such
ascacium, magnesium, and iron, the pH can be adjusted with acid. Asde from pH adjustment, chemical

requirements include the following: bactericide, dechlorination, and chelating agents.

One variation of conventional reverse osmosis technology used at landfill facilitiesis an innovative
membrane separation technology using disc tube modules.  Thisinnovative process is designed to treat
liquid waste that is higher in dissolved solids content, turbidity, and contaminant levelsthan waste trested
by conventiona membrane separation processes. This process aso reduces the potentia for membrane

fouling and scding, dlowing it to be the primary treatment for waste streams such as landfill leachate.

The disc tube membrane module features larger feed-flow channels and a higher feed-flow velocity than
typica membrane separationsystems (seereference 48). These characteristicsalow the disc tube module
greater tolerancefor dissolved solidsandturbidity and agreater resi stanceto membranefoulingand scaing.
The high flow velocity, short feed-water path across each membrane, and the circuitous flow path creste

turbulent mixing reducing boundary layer effects, and minimizing membrane fouling and scaling.

Membrane materid for the disc tube moduleisformed into acushion with aporous spacer materia onthe
ingde. Themembranecushionsaredternatey stacked withhydraulicdiscsonatensonrod. Thehydraulic
diskssupport the membranesand providetheflow channel sfor thefeed liquid to passover the membranes.
After passing through the membrane materid, permeate flows through collection channelsto a product
recovery tank. A stack of cushionsand disksis housed in a pressure vessal. The number of disks per
module, number of modules, and the membrane materias can be varied to suit the gpplication. Modules
aretypicaly combined in atrestment unit or stage. Disc tube module units can be connected in seriesto
improve permegte water quality or in parallel to increase system trestment capacity (see reference 48).
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Like al membrane separation processes, reverse osmos s technology reduces the volume of the waste.
The degree of volume reduction is dependent on thewaste characteristicsand the system design. Reverse
osmosi stechnol ogy cantreat i quidwastestreamscontaining low molecular weight vol atileand semivol atile

organics, metals, and other inorganic compounds.

8.1.2.8.5 Fabric Filters

Fabric filtersconsst of avessdl that contains a cloth or paper barrier through which the wastewater must
pass. The suspended matter is screened by the fabric and the effectiveness of the filter depends on the
mesh size of the fabric. Fabric filters can either be backwashed or built as disposable units.

For waters having less than 10 mg/L suspended solids, cartridge fabric filters may be cost effective.
Cartridgefilters have very low capital cost and can remove particles of 1 micron or larger (see reference
39). Using two-stage cartridge filters (coarse and fine) in series extends the life of the fine cartridge.
Disposable or backwashable bag filters also are available and may be quite cost effective for certain
goplications. Typicaly, thesefabric filters are used to remove suspended solids prior to other filtration

systems to protect membranes and equipment and reduce solids fouling.

8.1.2.9 Carbon Adsorption

Activated-carbon adsorption isaphysical separation processin which organic and inorganic materidsare
removed from wastewater by sorption, or attraction, and accumulation of the compounds on the surface
of the carbon granules. This process is commonly referred to as granular activated carbon adsorption.
While the primary removal mechanism is adsorption, biologica degradation and filtration are additional
pollutant remova mechanisms provided by the activated- carbon filter. Adsorption capacitiesof 0.5t0 10
percent by weight are typical in industrial applications (see reference 5). Spent carbon can either be
regenerated on Site, by processes such aswet-air oxidation or steam stripping, or, for smaller operations,
be regenerated off site or sent directly for disposa. Vendors of carbon can exchange spent carbon with

fresh carbon under contract.
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Activated-carbon systems consist of avessal containing a bed of carbon (usualy 4 to 12 feet in depth),
whereby the wastewater is either passed upflow or downflow through the filter bed (see reference 6).
Carbonvesselsaretypicaly operated under pressure, though some designsuse gravity beds. For smdler
goplications, granular activated carbon systemsdso areavailablein canister systems, which can bereadily

changed-out and sent for off-site regeneration.

Often morethan one carbon vessd isused inseries, such that the first column can be used until the carbon
is"exhausted" beforeit isregenerated. The partidly-exhausted second column is then used as the first
columnand another columnisrotated behindit to providepolishing. Uptothreecolumnsaretypicaly used
inarotating fashion. When all of the available adsorption sites on the granular activated carbon are
occupied, arisein organic concentrationsis observed in the effluent leaving the vessdl. At this point the
granular activated carbon in the vessel is saturated and is said to have reached break-through.

The key design parameter is the adsorption capacity of the granular activated carbon. Thisisameasure
of themass of contaminant adsorbed per unit mass of carbon and isafunction of the chemical compounds
being removed, type of carbon used, and process and operating conditions. The volume of carbon
required is based upon the COD and/or pollutant-specific concentrations in the wastewater to be treated
and desired frequency of carbon change-outs. The vessd istypicaly designed for an empty bed contact
time of 15to 60 minutes (seereference5). Non-polar, highmolecular weight organicswith low solubility
arereadily adsorbed usng GAC. Certain organic compoundshave acompetitive advantagefor adsorption
onto GAC, which resultsin compounds being preferentially adsorbed or causing other less competitive
compounds to be desorbed from the GAC.  Most organic compounds and some metastypically found
in landfill leachate are effectively removed using GAC.

Nationa estimates based on EPA’ s Detalled Questionnaire dataindicate that greater than one percent of
indirect and greater than one percent of direct non-hazardous landfill facilities employ carbon adsorption
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as part of wastewater treatment systems. Figure 8-12 presents a flow diagram of atypical carbon
adsorption vessel.

8.1.2.10 lon Exchange

|on exchange is an adsorption process that uses aresin mediato remove contaminants from wastewater.
lon exchangeis commonly used for the remova of heavy metalsfrom ratively low-concentration waste
sreams. A key advantage of the ion exchange processisthat it alows for the recovery and reuse of the
metasin awastewater. 1on exchange aso can be designed to be selective to certain metals and can
provide effectiveremova fromwastewater having high concentrations of background compoundssuch as
iron, magnesium, and calcium. A disadvantageisthat theresins can befouled by oilsand heavy polymers
Pretreatment for ground water or |eachatetreated by anion exchange system typicaly includesacartridge
filtrationunit. Additional tanksand pumpsare required for regeneration, chemical feed, and collection of

spent solution.

In an ion exchange system, the wastewater stream is passed through a bed of resin. The resin contains
bound groups of ionic charge on its surface, which are exchanged for ions of the same charge in the
wastewater. Resinsare classfied by type, either cationic or anionic. The sdection of aresinisdependent
upon the wastewater contaminant to be removed. Cation resinsadsorb metas, while anion resins adsorb
such contaminants as nitrate and sulfate. A commonly-used resin is polystyrene copolymerized with
divinylbenzene. Key parametersfor designing anion-exchange syslem include aresin bed loading rate of
2to4 galonsper minute per cubicfoot, and apressurevessal diameter providing for across-sectional area

loading rate of 5 to 8 gallons per minute per square foot (see reference 5).

Theionexchange processinvolvesthefollowing four steps. treatment, backwash, regeneration, andrinse.
Duringthetreatment step, wastewater ispassed through theresinbed. Theionexchangeprocesscontinues
until pollutant breakthrough occurs. The resin is then backwashed to clean the bed and to remove

suspended solids. During the regeneration step, the resin is contacted with either an acidic or akaline
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solution containing the ion originaly present in theresin. This"reverses’ the ion exchange process and
removestheionsthat were originaly present in the wastewater and were retained by theresin. The bed
isthen rinsed to removeresidual regenerating solution. The resulting contaminated regenerating solution
must be further processed for reuse or disposal. Depending upon system size and economics, some
facilities choose to remove the spent resin and replace it with resin regenerated off-site instead of

regenerating the resin in-place.

lon exchange equipment ranges from smple, inexpensve systems such as domestic water softeners, to
large, continuousindustrid applications. A commonindustrid setupisfixed-bedresninavertica column,
where the resin is regenerated in-place. Other operating modes include batch and fluidized bed. These
systems can be designed so that the regenerant flow isconcurrent or countercurrent to the treatment flow.
A countercurrent design, athough more complex to operate, providesahigher treatment efficiency. The
beds can contain asingletype of resinfor selectivetreatment, or the beds can be mixed to providefor more
complete deionization of thewaste stream. Often, individual beds containingdifferent resnsare arranged

in series, which makes regeneration easier than in the mixed bed system.

Nationa estimates based on the Detailed Questionnaire data show that |ess than one percent of indirect
non-hazardouslandfillsemploy someformof ionexchangeaspart of wastewater treatment systems. Figure

8-13 presents a flow diagram of atypical ion exchange setup, fixed-bed resin in a vertical column.

8.1.3 Biological Treatment

Biologica treatment uses microbes which consume, and thereby destroy, organic compounds as a food
source. Leachate from landfills can contain large quantities of organic materials that can be readily
stabilized using biological trestment processes.  In addition to the carbon food source supplied by the
organic pollutants, themicrobesa so requireenergy and supplementa nutrientsfor growth, suchasnitrogen
and phosphorus. There are severd different classes of microbesthat are commonly usedin the biologica

treatment of organic bearing wastes. Aerobic microbes require oxygen to grow, whereas anaerobic
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microbes grow in the absence of oxygen. An adaptive type of anaerobic microbe, called afacultative

anaerobe, can grow with or without oxygen.

The success of biologicd treatment in treating wastewater is dependent on severa factors, such asthe pH
and temperature of thewastewater, the natureof the pollutants, the nutrient requirements of the microbes,
the presence of other inhibiting pollutants (such astoxic heavy metals), and variations in the feed stream
loading.

Aerobic biologicd treatment systems utilize an acclimated community of microorganisms to degrade,
coagulate, and remove organic and other contaminants from wastewater. Organic contaminantsin the
wastewater are used by the trestment organismsfor biological synthesisand growth, with asmall portion
for cellular maintenance. Resulting products from biologica treatment include cdllular biomass, carbon

dioxide, water and, sometimes, the nondegradable fraction of the organic material.

Inthebiological trestment process, wastewater ismixed or introduced tothebiomass. Themicroorganisms
responsible for stabilization can be maintained in suspended form or can be attached to a solid media
Examplesof thesuspended growth biologica treatment systemsincludevariousactivated dudgetreatment
processes and aerobic lagoons. Biological treatment processes which employ the use of fixed film media

include trickling filtration, biotowers, and rotating biological contactors.

Anaeraobic biologica treatment systems can degrade organic matter in wastewater and ultimately convert
carbonaceous materia into methane and carbon dioxide. Anaerobic systems have been shown to be most
effective for high strength leachate (COD over 4,000 mg/L) and for wastewater containing refractory
contami nantsbecauseof effectivenessof methanotropi cmicroorganismsin metabolizing thesecompounds.
A disadvantage to anaerobic treatment systemsis the sengitivity of the methanotropic microorganismsto

certain toxic substances.
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Initidly, in an anaerobic treatment process, the complex organic matter in the raw waste streamis
converted to solubleorganicsby extra-cellular enzymes. Thisstepfacilitatesthelater conversion of soluble
organic matter into Smple organic acids. Thefina step involves the conversion of organic acids into
methane and carbon dioxide. The bacteria responsible for the conversions have very dow growth rates.
In addition, methanotropic bacteria are very sengtive to environmental conditions, require the complete
absence of oxygen, anarrow pH range (6.5 to 7.5), and can be readily inhibited by the presence of toxic

compounds such as certain heavy metals.

The table below presents EPA’ s estimated number of |landfill facilities that use variations of biological

treatment as part of landfill wastewater treatment systems:

Type of Biologica Treatment % Non-Hazardous Facilities % Hazardous Facilities
Direct Indirect Indirect
Activated Sludge 8 1 33
Aerobic Lagoon Systems 7 3 0
Facultative Lagoons 7 <1 0
Trickling Filters 0 0 0
Anaerobic Systems 2 <1 0
Powdered Activated Carbon Treatment (PACT)* >1 <1 0
* with Activated Sludge
Nitrification Systems 2 <1 0
Rotating Biologica Contactors (RBCs) 0 0 0
Sequencing Batch Reactors (SBRS) >1 O 33
Denitrification Systems >1 0 0
Other* 13 0 0

*includes aerated submerged fixed film and wetlands

The following sections present adiscussion of biological treatment systemsin use at landfill facilities.

8.131 L agoon Systems

A lagoon, stabilization pond, or oxidation pond is a body of water contained in an earthen dike and
designedfor biologica trestment. Whileinthelagoon, wastewater istreated to reduce degradableorganics
through bi odegradati on and reduce suspended solidsthrough sedimentation. Thebiologica processtaking
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placein thelagoon can be aerobic, anaerobic, or both (facultative), depending on the design. Because of
thelow congtructionand operating costs, lagoonsoffer afinancia advantageover other treatment methods

and are popular where sufficient land is available at reasonable cost.

Lagoonsareused inwastewater treatment for stabili zation of suspended, dissolved, and colloida organics
elither asamainbiological trestment process or asa polishing trestment processfollowing other biological
treatment systems. Aerobic, facultative, and aerated lagoonsare generaly used forwastewater of low and
mediumorganic strength. High-strength wastewater and wastewater of variable strength often aretreated
by aseriesof lagoons. A common configuration isan anaerobic lagoon, followed by afacultative lagoon

and an aerobic lagoon.

The performance of lagoonsin removing degradabl e organi csdependson detention time, temperature, and
the nature of the waste. Aerated lagoons generally provide a high degree of BOD, reduction more
consistently than aerobic or facultative lagoons. Typica problems associated with lagoons are excessve
agaegrowth, offensive odorsfrom anaerobic lagoonsif sulfatesarepresent and thelagoon isnot covered,
and seasond variationsin effluent quality. The mgor classes of lagoonsthat are based on the nature of

biological activities are discussed below.

Aerobic lagoons depend on dgae photosynthesis and naturd aeration to assst in the biological activity.
These shalow lagoons (3 to 4feet in depth) rely on both the natura oxygen transfer occurring through the
surface area of thelagoon and the production of oxygen from photosynthetic agae. Aerobiclagoonsare
generdly suitablefor treating low- to medium-strength landfill leachates due to the recommended smdler
foodto massratios. Becauseof thisdesign limitation, aerobiclagoonsare used in combination with other
lagoons to treat higher-strength landfill leachates to achieve additional organic removal following
conventiona wastewater treatment processes. Thetypica hydraulic detention time for an aerobic lagoon
is 10 to 40 days, with an organic loading of 60 to 120 pounds of BOD; per day per acre (see reference
7).
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A variation of the aerobic lagoon is the aerated lagoon. These lagoons do not depend on algae and
sunlight to furnish dissolved oxygen, but require additiona oxygen to beintroduced to prevent anaerobic
conditions. Inthese systems, mechanica or diffused aeration devicesareused inthe lagoonsfor oxygen
transfer and to creste some degree of mixing (see Figure 8-14). Dueto thismixing, additional suspended
solidsremoval intheeffluent fromthelagoon may berequired. Therecommended hydraulicdetentiontime
is3to 20 days, with an organic loading of 20 to 400 pounds of BOD; per day per acre (see reference 7).
Based on these higher design loading rates, aerated lagoons are well suited for treatment of medium-
strength landfill leachates.

Aerated lagoons are rdatively smpleto operate. The influent isfed into the basin where it is mixed and
aerated with the lagoon contents.  Settled dudge is not routingly withdrawn from the lagoon. Lagoons
requireonly periodic cleaningswhen the settled solidssignificantly reducelagoon volume. Sinceoperation
requiresno dudgerecycle, the hydraulic detention timeisequa to thedudgeretentiontime. Contaminant
reductionin alagoon systemistypicaly lessthan other biologica treatment systems. Asaresult, aerobic
lagoons are commonly used together with other physical/chemical treatment processes, such aslime

addition and settling, to ensure sufficient pollutant removal efficiencies.

Anaerobic lagoons are relatively deep ponds (up to 6 meters) with steep sidewalls in which anaerobic
conditions are maintained by keeping organic loading so high that complete deoxygenation is prevaent.
Some oxygenation is possible in a shallow surface zone. If floating materials in the waste form an
impervious surface layer, complete anaerobic conditions will develop. Trestment or stabilization results
from anaerobic digestion of organic wastes by acid-forming bacteria that break down organics. The
resultant acidsarethen converted to carbon dioxide, methane, and other end products. Anaerobiclagoons

are capable of providing treatment of high-strength wastewater and are resistant to shock loads.

In the typical anaerobic lagoon, raw wastewater enters near the bottom of the pond (often at the center)

and mixeswith the active microbid massin the dudge blanket, which can be as much as 2 meters (6 feet)
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deep. Thedischargeislocated near one of the sides of the pond, submerged below the liquid surface.
Excess sludge is washed out with the effluent and recirculation of waste udge is not required.

Anaerobic lagoons are customarily contained within earthen dikes. Depending on soil and wastewater
characteristics, lining with variousimpervious materiad's, such asrubber, plastic, or clay may be necessary.

Pond geometry may vary, but surface area-to-volume ratios are minimized to enhance heat retention.

Waste stahilization in afacultative lagoon trestment system isaccomplished by acombinationof anaerobic
microorganisms, aerobic microorganisms, and a preponderance of facultative microorganismsthat thrive
under anaerobic aswell asaerobic conditions. Facultativesystemscons st of lagoonsof intermediate depth
(3to 8 feet) in which the wastewater is Stratified into three zones (see Figure 8-15). These zones consist
of an anaerobic bottom layer, an aerobic surface layer, and an intermediate zone dominated by the
facultative microorganisms. Stratification is a result of solids settling and temperature-water density
variaions. Oxygeninthesurface zoneis provided by natural oxygen transfer and photosynthesisor, asin
the case of an aerated facultative lagoon, by mechanica aeratorsor diffusers. Facultative lagoonsusudly
consist of earthen dikes, but some are lined with various impervious materials, such as synthetic

geomembranes or clay.

A facultative lagoon is designed to permit the accumulation of settleable solids on the basin bottom. This
dudgeat the bottom of thefacultativelagoon will undergo anaerobic digestion, producing carbon dioxide
and methane. Theliquid and gaseousintermediate productsfrom theaccumul ated solids, together withthe
dissolved solids furnished in the influent, provide the food for the aerobic and facultative bacteriain the
upper layers of theliquid in the lagoon. Recommended hydraulic detention time for a facultative lagoon
without aerationis 7 to 30 days, with an organic loading of 15 to 50 pounds of BOD;, per day per acre(see

reference 7).
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8.1.3.2 Anaerobic Systems

Types of anaerobic biologicd treatment systemsinclude complex mix anaerobic digestors (see Figure 8-
16), contact reactors with dudge recycle, and anaerobic filters. A digestor usesan air tight reactor where
wastesaremixed with digestor contentsthat contain the suspended anaerobic microorganisms. A digestor
operated inacompletemix modewithout dudgerecycling hasahydraulic detentiontimeequa tothe solids
retentiontime. Anaerobic digestioninareactor can also occurwith dudgerecycling. Thispermitsamuch
larger solidsretentiontime(SRT) thanthehydraulic detentiontime. System stability isgreeter atincreased
SRTs, and since the hydraulic detention time can be decreased, the reactor volume can aso be reduced.
The anaerobicfilter or biotower microbesaremaintained in afilm on packed solid mediawithin an air-tight
column. A variation of the anaerobic fixed-film processisafluidized bed process. Thebasictower desgn
issmilar tothat of an aerobicreactor inthat theinfluent isfed into thereactor a countercurrent flow. This

process provides for very high SRTs and variable hydraulic detention times.

Stabilization of leachatein an anaerobic treatment unit requires the maintenance of aviable community of
anaerobic microbes. Treatment efficiency is dependent on many interrelated factors such as hydraulic
detention time, SRT, temperature, and, to a lesser extent, organic loading, nutrients, and toxics.
Microorganisms respons ble for degrading the organic waste must remain in the reactor long enough to
reproduce. When the microbes spend lesstimein the system than they requireto reproduce, thesolidsare
eventualy washed out of the system. Anaerobic trestmentfacilitiesaretypicaly designed with an SRT of
2 to 10 times the washout time (typica washout time reported for organic acidsis about 3.5 days). For
degradation of organic acids in leachate, this washout time would yield an SRT of 7 to 35 days (see
reference 7). The most common temperature regime for an anaerobic reactor isin the range of 25to 38
degrees C (seereference 7). Typica loadingsfor anaerobic systems are from 30 to 100 pounds of COD
per 1,000 cubic feet of reactor volume (see reference 7). Since the synthesis of new cdlular materia is
dow in anaerobic systems, nutrient requirements are not aslarge asin aerobic systems. Nutrient addition
needs to be evaluated and, in the case of |eachate with low phosphorus concentrations, will require

phosphorus addition.
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8.1.33 Attached-Growth Biological Treatment Systems

Attached-growth biological treatment systems are used to biodegrade the organic components of a
wastewater. In these systems, the biomass adheres to the surfaces of rigid supporting media. As
wastewater contacts the supporting medium, athin-film biological dimedevelops and coats the surfaces.
Asthisfilm (congsting primarily of bacteria, protozoa, and fungi) grows, the dime periodicaly breaks off
the medium and isreplaced by new growth. Thisphenomenon of losing thedimelayer iscaled doughing
and isprimarily afunction of organic and hydraulic loadings on the system. The effluent from the system

isusualy discharged to a clarifier to settle and remove the agglomerated solids.

Attached-growthbiologica sysemsareapplicabletoindustria wastewater amenableto aerobic biologica
treatment in conjunction with suitable pre- and post-trestment units. These systems are effective for the

removal of suspended or colloidal materials.

The three major types of attached-growth systems used at landfills facilities are rotating biological
contactors, trickling filters, and fluidized-bed biological reactors. These processes are described below.

Rotating biologica contactors are aform of agrobic attached-growth biologica treatment syssem where
the biomass adheres to the surface of arigid media. In arotating biological contactor, the rigid media
usualy consgts of aplastic disk or corrugated plastic medium mounted on a horizonta shaft (see Figure
8-17). The medium dowly rotates in wastewater (with 40 to 50 percent of its surface immersed) as the
wastewater flowspast. During the rotation, the medium picks up athin layer of wastewater, which flows
over its surface absorbing oxygen from the air. The biological mass growing on the medium surface
absorbs organic pollutants, which then are biodegraded. Excess microorganisms and other solids are
continuoudy removed fromthefilm onthe disk by shearing forces created by therotation of thedisk inthe
wastewater. The doughed solidsare carried with the effluentto aclarifier, where they are separated from
the treated effluent.
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Rotating biologica contactors provide a greater degree of flexibility for landfills with changing leachate
characteristics. Modular construction of rotating biol ogical contactorspermit their multiplestagingtomeet
increases or decreases in treatment demand.  Staging, which employs a number of rotating biological
contactors operated in series, enhances biological treatment efficiency, improves shock-handling ability,

and also may aid in achieving nitrification.

Typical rotating biological contactor design parametersincludeahydraulicloading of 2.0to 4.0 gallons per
square feet per day and an organic loading of 2.0 to 3.5 pounds BOD;, per 1,000 square feet per day (see

reference 12).

Factors which affect the efficiency of rotating biological contactor systems include the type and
concentration of organic matter, hydraulic detention time, rotational speed, media surface area
submergence, and pre- and post-treatment activities. Variations of the basic rotating biologica contactor
process design include the addition of air to the tanks, chemicalsfor pH control, use of molded coversor
housing for temperaturecontrol, and dudgerecycleto enhancenitrification. Rotatingbiologica contactors
aretypicaly well suited for the treatment of soluble organics and adequate for nitrification. They are
low-ratesystemscapableof handling limited loadings capacity and arenot efficient for degrading refractory

compounds or removing metals (see reference 7).

Trickling filtration is another aerobic fixed-film biologica treatment process that consists of a suitable
structure, packed with inert medium, such asrock, wood, or plastic. The wastewater is distributed over
the upper surface of themedium by ether afixedspray nozzle system or arotating distribution system (see
Figure 8-18). The inert medium develops a biological slime that absorbs and biodegrades organic
pollutants. Air flows through the filter by convection, thereby providing the oxygen needed to maintain

aerobic conditions.
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Trickling filters are classified aslow-rate or high-rate, depending on the organic loading. Typica design
organic loading vaues range from 5 to 25 pounds and 25 to 45 pounds BOD; per 1,000 cubic feet per
day for low-rate and high-rate, respectively (seereference 11). A low-ratefilter generally hasamediabed
depth of 1.5 to 3 meters and does not userecirculation. A high-rate filter can have abed depth from 1 to

9 meters and recirculates a portion of the effluent for further treatment (see reference 7).

A variation of atrickling filtration processisthe aerobic biotower which can be operated in a continuous
or semi-continuousmanner. Influentispumped to thetop of atower, whereit flowsby gravity through the
tower. Thetower ispacked with media, plastic or redwood, containing the microbia growth. Biologica
degradation occurs asthewastewater passesover themedia. Treated wastewater collectsinto the bottom
of the tower. If needed, additional oxygen is provided viaair blowers countercurrent to the wastewater
flow. Alternative variations of this treatment process involve the inoculation of the raw influent with
bacteria, adding nutrients, and using upflow biotowers. Wastewater collected inthebiotowersisddivered
to aclarifier to separate the biological solids from the treated effluent.

An aerobic fluidized-bed biologicdl reactor is avariation of afixed-film biological treatment process.
Microorganisms aregrown on either granular activated carbon or sand media. Influent wastewater enters
thereactor through adistributor whichisdes gnedto providefor fluidization of themedia(seeFigure8-19).
Asthe biofilm grows, the media bed expands, thereby reducing the density of the media. The rising bed
isintercepted a a given height with the bulk of the biomass removed from the media. The mediathenis
returned to the reactor. Additiona oxygen can be predissolved in the influent to enhance performance.
The use of granular activated carbon as a medium integrates biologica trestment and carbon adsorption
processes, which hasthe advantage of handling loading fluctuations, aswell asgrester removasof organic

contaminants.

Due to a short hydraulic detention time, this process is favorable for low to moderate levels of

contamination. Thevertica instdlation of thereactor and highloading capability reducesconventiond land
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requirements. The maximum design loading is400 pounds of BOD per 1,000 square feet of reactor area

per day with aminimum hydraulic detention time of 5 to 10 minutes (see reference 7).

8.1.34 Activated Sludge

The activated dudge process is a specific continuous-flow, aerobic biological treatment process that
employs suspended-growth aerobic microorganismsto biodegrade organic contaminants. In thisprocess
(showninFigure8-20), asuspension of aerobic microorganismsismaintainedin arelatively homogeneous
state by mechanica mixing or turbulenceinduced by diffused aeratorsin an agration basin. Thissuspenson

of microorganismsis called the mixed liquor.

Wastewater isintroduced into the basin and mixed with the tank contents. The biologica process often
is preceded by gravity settling to remove larger and heavier suspended solids. A series of biochemical
reactions take place in the agration tank. These reactions degrade organics and generate new biomass.
Microorganisms oxidizethe soluble and suspended organic pollutants to carbon dioxide and water using
the available supplied oxygen. These organisms also agglomerate colloida and particulate solids. After
a specific contact period in the aeration basin, the mixture is passed to a settling tank where the
microorganisms are separated from the treated water. A portion of the settled solids in the clarifier is
recycledback totheaeration systemtomai ntainthedesired concentration of microorganismsinthereactor.

The remainder of the settled solids is wasted and sent to udge handling facilities.

Toensurebiol ogica stabilizationof organiccompoundsinactivated d udgesystems, adequatenutrient levels
must be available to the biomass. The primary nutrients are nitrogen and phosphorus. Lack of these
nutrientscanimpair biological activity andresultinreduced removd efficiencies. Certainleachatescanhave
low concentrations of nitrogen and phosphorus relative to the oxygen demand. Asaresult, nutrient
supplements(e.g., phosphoric acidaddition for additiona phosphorus) have been used in activated dudge

systems at landfill facilities.
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The effectiveness of the activated dudge processis governed by severd design and operation variables.
The key variables are organicloading, dudge retention time, hydraulic or aeration detention time, oxygen
requirements, and the biokinetic rate constant (K). The organic loading is described as the food-to-
microorganism (F/M) ratio, or kilogramsof BOD, gpplied daily to the system per kilogram of mixed liquor
suspended solids (MLSS). The MLSS in the agration tank is determined by the rate and concentration
of activated dudgereturnedto thetank. Theorganicloading (F/M ratio) affectstheBOD removal, oxygen
requirements, biomassproduction, and thesettl esbility of thebiomass. Thedudge(or solids) retentiontime
(SRT) or dudge age is ameasure of the average retention time of solids in the activated dudge system.
Sludge retention time is important in the operating of an activated dudge system because it must be
maintained at alevel that isgreater than the maximum generation time of microorganismsinthesystem. 1f
adequate dudge retention time isnot maintained, the bacteriaarewashed from the system faster than they
canreproduce and theprocessfails. The SRT dso affectsthe degree of treatment and production of waste
dudge. A high SRT resultsin carrying ahigh quantity of solidsin the system, obtaining ahigher degree of
treatment, and producing lesswaste dudge. The hydraulic detention timeisused to determinethe size of
the aeration tank and should be determined by use of F/M ratio, SRT, and MLSS. The biokinetic rate
congtant (or K-rate) determinesthe speed of thebiochemical oxygen demand reaction and generally ranges
from0.1to0 0.5 days™ for municipal wastewater (seereference 11). The value of K for any given organic
compound istemperature-dependent. Because microorganisms are more active at higher temperatures,
the value of K increases with increasing temperature. Oxygen requirements are based on the amount of
oxygen required for BOD,, synthesis and the amount required for endogenous respiration. The design
parameters will aso vary with the type of wastewater to be treated. The oxygen requirement to satisfy
BOD, synthesisisestablished by the characteristics of the wastewater. The oxygen requirement to satisfy
endogenousrespirationisdetermined by thetotal solids maintained inthe sysiemand their characteritics.

Modifications of the activated dudge process are common, as the process is extremely versatile and can

be adapted for awide variety of organicaly contaminated wastewater. The typical modification may

represent avariation in one or more of the key design parameters, including the F/M loading, aeration
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location and type, dudge return, and contact basin configuration. The modificationsin practice have been
identified by themgjor characteristicsthat distinguishthe particular configuration. Thecharacteristictypes

and modifications are briefly described as follows:
C Conventional. The aeration tanks are long and narrow, with plug flow (i.e., little forward or
backwards mixing).

C Complete Mix. The aeration tanks are shorter and wider, and the aerators, diffusers, and entry
points of the influent and return dudge are arranged so that the wastewater mixes compl etely.

C Tapered Aeration. A modification of the conventiona processin which thediffusersare arranged
to supply more air to the influent end of the tank, where the oxygen demand is highest.

C Step Aeration. A modification of the conventiona processin which the wastewater isintroduced
to the aeration tank at severa points, lowering the peak oxygen demand.

C High Rate Activated Sudge. A modification of conventional or tapered aeration in which the
aerationtimesareshorter, thepollutantsloadingsare higher per unit massof microorganismsinthe
tank. Therate of BOD, removal for this processis higher than that of conventional activated
sludge processes, but the total BOD, removals are lower.

C Pure Oxygen. An activated dudge variation in which pure oxygen insteed of air is added to the
aerationtanks. Thetanksare covered, and the oxygen-containing off-gasisrecycled. Compared
to norma air aeration, pure oxygen aeration requires asmaller aeration tank volume and treats
high-strength wastewater and widely fluctuating organic loadings more efficiently.

C Extended Aeration. A variation of complete mix inwhich low organic loadingsand long aeration
times permit more complete wastewater degradation and partial aerobic digestion of the
microorganisms.

C Contact Stabilization. Anactivateddudgemodificationusngtwo agrationstages. Inthefirst stage,
wastewater isaerated withthereturn dudgein the contact tank for 30to 90 minutes, dlowingfinely
suspended colloidal and dissolved organics to absorb to the activated sludge. The solids are
settled out inaclarifier and then aerated in the dudge aeration (tabilization) tank for 3to 6 hours
before flowing into the first aeration tank (see reference 11).

C OxidationDitch Activated Sudge. Anextended aeration processinwhich aerationand mixing are
provided by brush rotors placed across arace-track-shaped basin. Waste enters the ditch at one
end, is aerated by the rotors, and circulates.
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Activated dudge sysemsareeffectivein theremova of soluble (dissolved) organicsby biosorption aswell
as suspended and colloida matter typically found in landfill leachate. Suspended matter is removed by
entrapment in the biologica floc while colloidd matter isremoved by physiochemica adsorption to the
biologicd floc. For example, inorganic contaminants, such as heavy metals, that are common in low
concentrationsin landfill wastewater are often precipitated and concentrated in the biological udges
generated from activated dudge systems at landfill facilities. Halogenated organic compounds may be
driven off to a certain extent in the aeration process while other less volatile compounds are removed by
acombination of biodegradation and air stripping in the aeration basin. Findly, activated dudge systems
treating landfill leachates with an excessloading of certain nutrients (i.e. amounts of nitrogen that exceed
the requirements of the biomassin the activated dudge system) can be operated so that nitrification of
ammonia can occur in the activated dudge system. For higher concentrations, stand-alone nitrification

systems may be required; these systems are discussed later in this chapter.

Conventiond, plug-flow activated dudge systems can adequately treat the organic loadingsfound in low-
to medium-strength landfill leachates. Higher-strength leachatesoften aretreated at landfill facilitiesusing
extended aerationmode of activated dudgetreatment. Thisprocessalowsfor alarge hydraulic detention
time of up to29 hoursand for adudge detention time of 20 to 30 days (seereference 7). Aerator loading
for the complete-mix extended-aeration processis between 10 to 15 pounds of BOD, per 1,000 cubic
feet of aerator tank volume (see reference 7). Extended aeration aso provides for minimal operator
supervision in comparison to other activated sludge processes and occasiona sludge wasting. EPA
sampled afacility (EPA sampling episode 4759) in the Hazardous subcategory that employed acomplete-
mix extended-aeration treatment process for high-strength leachate. Design parametersfor this system
includeinfluent BOD; loading of 3520 mg/L with ahydraulic detention time of 28 hours. Higher-strength
leachates are a so occasionally treated with acombination of biological processes, sometimes using a
lagoon or attached growth system prior to the activated dudge system to reduce organic loading. Since
activated dudge systemsare senstiveto theloadingand flow variaionstypically found a landfill facilities,
equdization is often required prior to treatment using activated dudge systems. Also, activated sludge
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systemstreating landfill leachatestypicaly generate excess amounts of secondary dudgethat may require
additional stabilization, dewatering, and disposal.

8.1.35 Powdered Activated Carbon Biological Treatment

Inthisbiophysical treatment process, powdered activated carbon isadded toabiological trestment system
(usudly an activated dudge system). The adsorbent qualities of the powdered carbon aid in the remova
of organic compounds, particularly those that may bedifficult to biodegrade. Powdered activated carbon

also enhances color removal and the settling characteristics of the biological floc.

The mixture of influent, activated dudge biomass, and powdered activated carbon is held in the agration
basnfor asufficient detention time adequatefor the desired treatment efficiencies (see Figure8-21). After
contact in the aeration basin, the mixture flows to a clarifier, where settled solids are fed back to the
aeration basin to maintain adequate concentrations of microorganisms and carbon. Clear overflow from
the clarifiersiseither further processed or discharged. Fresh carbonis periodicaly added to the agration
basin asrequired and is dependent on desired removad efficiencies. Excess solids are removed directly
from the recycled dudge stream. Wasted solids can be processed by conventional dewatering means or
by wet-air oxidation for the destruction of organics and regeneration of activated carbon. Regeneration
also can be handled off site for smaller applications.

Powdered activated carbon activated 9 udge trestment combines physical adsorption propertiesof carbon
with biological trestment, achieving a higher degree of treatment than possible by either mode alone.
Powdered activated carbon removes the more difficult to degrade refractory organics, enhances solids
removd, and buffersthe system against | oading fluctuationsand shock loads. Variations of the powdered
activated carbon biological process includes operation in a batch fill and draw mode (similar to a
sequencing batch reactor), multiple-stage powdered activated carbon units, and combinations of aerobic
and anaerobic powdered activated carbon biologicd systems. Operation in a batch mode provides for
flexibility inthe system, by readily alowing for adjustmentsto the time and aeration mode in each process
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stage. This mode of operation is particularly applicable to the treatment of |eachate with variable
composition and strength. The powdered activated carbon biological trestment processiswell suited for
the treatment of |eachate containing high concentrations of soluble organics (particularly with low BOD,
to COD ratios). It can obtain better color and refractive organics removal than conventional biological

processesand can providefor treatment of |eachates contami nated with vari oustrace organi c compounds.

8.1.3.6 Sequencing Batch Reactors (SBRS)

A sequencing batch reactor isasuspended-growth biologica systeminwhichthewastewater ismixedwith
exiging biologicd flocin an agration basin. SBRsare uniquein that asingle tank acts as an equdization
tank, an aeration tank, and aclarifier (see Figure 8-22). A SBR is operated on a batch basis where the
wastewater ismixedand aerated with the biological floc for aspecific period of time. The contents of the
basin then are dlowed to settle and the liquid (or supernatant) is decanted. The batch operation of a
sequencing batch reactor makesit applicable to wastewater that is highly variable because each batch can
be treated differently, depending on its waste characteristics.

A sequencing batch reactor system has four cycles. fill, react, settle, and decant. Thefill cycle hasthree
phases. Thefirgt phase, called gatic fill, introduces the wastewater to the system under static conditions.
During this phase, anaerobic conditions can exist. During the second phase, the wastewater is mixed to
eliminate the scum layer and to initiate the oxygenation process. Thethird phase conssts of aeration and
biologica degradation. Thereact cycleisatime-dependent processthat continualy mixesand agratesthe
wastewater whilealowing thebiological degradation processto complete. Becausethereactionisabatch
process, the period of timeof aeration canvary to match the characteristicsand loadings of thewastewater.
The settling cycle utilizes alarge surface area (entire reactor area) and alower settling rate than used in
conventiona sedimentation processes, to alow for settling under quiescent conditions. Next, during the
decant cycle, gpproximately one-third of the tank volume is removed by subsurface withdrawal. This
treated effluent then can be further treated or disposed. The period of time that the reactor waits prior to

the commencement of another batch processingistheidleperiod. Excessbiomassisperiodicaly removed
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from the sequencing batch reactor when the quantity exceeds that needed for operation and is usualy
dewatered prior to disposal.

A sequencing batch reactor carries out dl of the functions of a conventiona continuous-flow activated
dudgeprocess, suchasequdization, biological treatment, and sedimentation, inatimesequencerather than
agpace sequence. Detention times and loadings vary with each batch and are highly dependent on the
loadingsintheraw wastewater at that time. Typically, asequencing batch reactor operateswithahydraulic
detentiontimeof 1to 10 dayswith an SRT of 10to 30 days. The ML SSismaintained at 3,500 to 10,000
mg/L (seereference?). Theoverdl control of the system can be accomplished automeaticaly by using level
sensorsor timing devices. By using asingletank to perform al of the required functions associated with
biologica treatment, a sequencing batch reactor saves on land requirements. It aso providesfor greater
operation flexihility for treating leachate with viable waste characteristics by being able to readily vary
detention timeand mode of aerationin eachstage. Sequencing batch reactors aso can be used to achieve

complete nitrification/denitrification and phosphorus removal.

8.1.3.7 Nitrification Systems

Inthis process, nitrifying bacteriaare used in an aerobic biologica treatment system to convert ammonia
compounds to nitrate compounds. Nitrification is usudly followed by denitrification (see next section)
which convertsnitratesto nitrogen gas. Nitrifyingbacteria, such asnitrosomonas and nitrobacter, derive
their energy for growth from the oxidation of inorganic nitrogen compounds. Nitrosomonas converts

ammoniato nitrites, and nitrobacter converts nitrites to nitrates.

The nitrification process usudly followsastandard biological processthat has already greetly reduced the
organic content of the wastewater; however, there are some biologica systems that can provide organic
(BOD,) removal concurrently withammoniadestruction. Thenitrification processcan beoriented aseither
asuspended growth process (e.g. activated dudge system) or an attached-growth process (e.g. trickling
filter).
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8.1.3.8 Denitrification Systems

Denitrificationisan anoxic processwhereby nitrate nitrogenisconverted to gaseous nitrogen, and possibly
nitrous oxide and nitric oxide. Denitrification isatwo step processin which thefirst step convertsnitrates
to nitrites, and the second step converts nitrite to nitrogen gas. The bacteria use nitrogen as an electron
source rather than oxygen in digesting a carbon food source. Since the waste stream reaching the
denitrification process has low levels of organic material, a carbon source (usually methanol) must be
added.

The denitrification process can occur as a suspended-growth process or as an attached-growth process.
Attached growth systems can be designed as elther fixed-bed or fluidized-bed reactor systems. Effluents

fromdenitrification processesmay need to bere-aerated to meet dissol ved oxygen dischargerequirements

8.1.3.9 Wetlands Treatment

An dternative and innovative biologica treatment technology for treating landfill wastewater iswetland
treatment. Wetlands can ether be natura or man-made (artificid) systems and contain vegetation that
alow for the natural attenuation of contaminants. Wetlands are designed to provide for a contact time of
usually 10 to 30 days. Vegetation in the wetlands transforms nutrients and naturally degrades organics.
Certain metals dso can be absorbed by vegetation through root systems. Key design variables include
loading rates, climatic condraints, and Ste characteristics. Wetland systems are fill mainly experimentd

and are not awidely accepted or proven treatment technology for the treatment of landfill leachate.

8.14 Sludge Handling

Sludges are generated by anumber of treatment technologies, including equalization, gravity-assisted
Separation, chemica precipitation, and biological treatment. Thesedudgesarefurther processed at landfill
stesusing various methods. The following sections describe each type of dudge-handling system used
within the Landfills industry.
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8.14.1 Sludge Slurrying

Sludge durrying isthe process of transporting dudge from one treatment process to ancther. 1t only can
be applied to liquid dudges that can be pumped through a pipe under pressure. Nationa estimates based
on EPA’ sDetailed Questionnaire dataindicate that 33 percent of indirect hazardous landfillsandlessthan
one percent of indirect non-hazardous landfills use dudge-durrying systems as part of their wastewater
treatment systems.

8.1.4.2 Gravity Thickening

Gravity thickening, as shown in Figure 8-23, conssts of placing the dudge in aunit smilar to agravity-
assisted separator, where the dudge is alowed to settle, with the liquid supernatant remaining at the top.
The thickened dudge is then removed, and the separated liquid is returned to the wastewater treatment
systemfor further treatment. Usually dudgesthat contain two to three percent solids can be thickened to
approximately fiveto ten percent solidsusing gravity thickening. Nationd estimatesbased onthe Detailed
Questionnaire responses show that 67 percent of indirect hazardous landfills, 4 percent of indirect non-
hazardouslandfills, and 7 percent of direct non-hazardouslandfill facilitiesemploy gravity thickening aspart

of their wastewater treatment systems.

8.1.4.3 Pressure Filtration

Plate-and-frame pressure-filtration systems are used at landfill facilities to dewater sludges from
physica/chemica and biologica treatment processes. Sludges generated at atota solids concentration of
two to five percent by weight are dewatered to a 30 to 50 percent solids mass using plate-and-frame
filtration (seereference 3). Sudgesfrom treatment systems can be thickened by gravity or stabilized prior
to dewatering by pressurefiltration or may be processed directly with the plate-and-frame filtration unit.

A pressurefilter consists of a series of screens (see Figure 8-24) upon which the dudge is applied under

pressure. A precoat material may be applied to the screensto aid in solidsremoval. The applied pressure
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forces the liquid through the screen, leaving the solids to accumulate behind the screen. Filtrate which
passesthrough the screen mediaisrecircul ated back to the head of the on-site wastewater trestment plant.
Screens (dlso referred to as plates) are held by frames placed sde-by-sde and held together with avice-
type mechanism. The unit processesdudge until al of the plates are filled with dry dudge asindicated by
amarked rise in the application pressure. Afterwards, the vice holding the plates is loosened and the
frames separated. Dried dudge is manually scraped from the plates and collected in a hopper for final
disposd. Theszeof thefilter and the number of plates utilized depends not only on the amount of solids
produced by treatment processes, but dso ishighly dependent on the desired operationa requirementsfor
thefilter. A plate-and-framefilter can produce a drier dudge than possible with most other methods of
dudgedewatering. Itisusudly notoperated continuoudy, but offers operationd flexibility snceit can be
operated in a batch mode.

Pressurefiltration is the most common method of dudge dewatering used at landfill fecilities. National
estimates indicate that 67 percent of indirect hazardous landfills, 5 percent of indirect non-hazardous
landfills, and 8 percent of direct non-hazardous landfill facilities use pressure filtration systems as part of

their wastewater treatment systems.

8.1.4.4 Sludge Drying Beds

Sudge-drying beds are an economica and effective means of dewatering dudge when land is available.
Sludge may be conditioned by thickening or stabilizationprior to application on the drying beds, which are
typicaly made up of sand and gravel. Sudge is placed on the bedsin an 8 to 12 inch layer and allowed
to dry. Thedrying areais partitioned into individua beds, gpproximately 20 feet wide by 20 to 100 foot
long (seereference 13), or aconvenient Size so that oneor two bedswill befilled by the dudge discharge
from other dudge-handling units or dudge- storage facilities. The outer boundaries may be constructed
with concrete or earthen embankments for open beds. Open beds are used where adequate area is

available and sufficiently isolated to avoid complaints caused by odors. Covered beds with greenhouse-
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type enclosures are used when it is necessary to dewater sludge continuously throughout the year,

regardless of the weather, and where sufficient isolation does not exist for the installation of open beds.

Sludge is dried by drainage through the dudge mass and supporting sand and by evaporation from the
surface exposed to the air. Most of the water leaves the sludge by drainage; thus, the provision of an
adequateunderdrainagesystemisessentia. Drying bedsareequippedwithlateral drainagetilesthat should
be adequatdly supported and covered with coarse grave or crushedstone. The sand layer should befrom
910 12 inches deep (see reference 13) with an dlowance for someloss from cleaning operations. Water
drained from the dudge is collected and typicaly recirculated back to the on-dite wastewater treatment
sysem. Sludge can be removed from the drying bed after it has drained and dried sufficiently. The
moi sturecontent is approximately 60 percent after 10 to 15 days under favorable conditions (seereference
13). Dried dudgeismanualy removed from the bedsand sent for on-ste or off-stedisposa. Figure8-25
depicts the cross section of atypical drying bed.

8.15 Zero Discharge Treatment Options

In this section, additiona treatment processes and disposal methods associated with zero or alternative
dischargeat landfill facilitiesare described. Based ontheresponsesto theDetailed Questionnaire, national
estimatesindicate that 27 percent of dl non-hazardous landfill facilities and 96 percent of all hazardous
landfill facilitiesuse zero-dischargetreatment options. Themaost commonly used zero-dischargetreatment
method employed by these facilitiesis |and application and recirculation. This section describes land
application, recirculation, deep-well disposal, evaporation, solidification, and off-site disposal.

Land gpplication involves the spreading of the wastewater over an area of land that is capped, closed, or
an unused portion of alandfill. The land generdly has sufficient percolation characteristics to allow the
water to drain adequately into the soil. The arealis assessed to insure that the soil can provide adequate
biologicd activity to cause the degradation of organic pollutants and aso to provide sufficient binding of

any metals present.
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Recirculation involves the spraying of recycled landfill leachate over areas of alandfill. Although this
process promotes biodegradation and evaporation of the leachate volume, recirculation is primarily used

as a means of dust control.

Deep well disposal congsts of pumping the wastewater into a disposa well, which then discharges the
liquidinto adeep aquifer. Normally, these aquifersarethoroughly characterized toinsurethat they are not
hydrogeol ogicaly connected to adrinking-water supply. The characterization requires the confirmation

of the existence of impervious layers of rock above and below the aquifer.

Traditiondly used as a method of dudge dewatering, evaporation, or solar evaporation, can dso involve
the discharge and ultimate storage of wastewater into ashdlow, lined, on-gte ditch. Since the system is

open to the atmosphere, the degree of evaporation is greatly dependent upon climatic conditions.

Solidificationisaprocessin which materials, such asfly ash, cements, and lime, are added to thewaste to
produce asolid. Depending on both the contaminant and binding materia, the solidified waste may be
disposed of in alandfill.

Some facilities that have alow leachate generation rate (either because of arid conditions or capping),
transport their wastewater off Ste to either another landfill facility’ s wastewater treatment system or toa

Centralized Wastewater Treatment (CWT) facility for ultimate disposal.

8.2 Treatment Performance and Development of Regulatory Options

This section presents an eva uation of performance data on trestment systems collected by EPA during
fieddd sampling programs. Theresultsof these EPA sampling episodesass sted the Agency inevaluating the
various types of treatment technologies. For those facilities employing the selected technologies, the
sampling datawere used to devel op theeffluent limitations. A moredetailed discussonof thedevel opment
of effluent limitations can be found in Chapter 11.
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8.2.1 Performance of EPA Sampled Treatment Processes

To collect data on potential BAT treatment technologies, EPA reviewed responses to the Detailed
Questionnaire to identify candidate facilitiesthat had well-operated and designed wastewater treatment
systems. EPA conducted 19 site viststo 18 facilitiesto evauate treatment systems. Based on these Site
vidts, EPA selected atotd of six facilitiesfor sampling which cons sted of five consecutivedaysof sampling
raw influent wastewater and intermediate and effluent points in the wastewater trestment system. EPA
conducted one of these 5-day sampling episodes (4690) at afacility that was eventually excluded from the
regulation becauseitisacaptivelandfill. Inaddition, the only technology sampled at thisfacility primarily
treated contaminated ground water. For the reasons discussed in Chapter 2, EPA decided to exclude
contaminated ground water flows from thisregulation. EPA did not use the data collected during this
sampling episodein selection of pollutantsof interest or inthecal culation of effluent limitations. Therefore,
EPA does not discuss thisfacility further in this section. For the remaining five sampling facilities, EPA
collected dataon avariety of biologica and chemica treatment processes. Technologies evaluated at the
selected sampling facilities include hydroxide precipitation, activated dudge, sequencing batch reactors,
multimedia filtration, and reverse osmosis. Table4-2in Chapter 4, presents asummary of the treatment
technologies sampled during each EPA sampling episode. Presented below are the summaries of the
treatment system performance data for each of the sampling episodes that EPA evaluated in the

development of the effluent limitations guidelines and standards.

8211 Treatment Performance for Episode 4626

EPA performed a 5-day sampling program during episode 4626 to obtain performance data on severa
treatment technol ogiesincluding hydroxide precipitation, biological trestment using anaerobic and aerobic
biotowers, and multimediafiltration. A flow diagram of thelandfill wastewater treatment system sampled
during episode 4626 is presented in Figure 8-26. The wastewater treatment system used at this Subtitle
D municipal facility treats predominately landfill generated wastewater, including leachate and gas
condensate. Table 8-2 presents asummary of percent removal data collected at episode 4626 for the
performanceof thebiol ogica treatment systemandfor theentiretreatment system, excludingthemultimedia
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filtrationsystemusedtopolishthedischargefromtheeffluent holdingtank. EPA ca cul ated percent removal
efficiencies for the processes by first obtaining an average concentration based upon the daily sampling
results for each sample collection location (influent and effluent point to the treatment process). EPA
calculated the percent removal efficiency of the system using the following equation:

Percent Removal = [Influent Concentration - Effluent Concentration] x100

Influent Concentration

EPA reported negative and zero percent removals for atreatment process on the table as 0.0 percent.

EPA determined thetrestment efficiency of thebiological trestment unit operation using the data.obtained
from sampling points 04 and 07 (see Figure 8-26). As demonstrated on the Table 8-2, the biological
trestment unit experienced good overall removalsfor TOC (93.0 percent), COD (90.85 percent), and
ammonia as nitrogen (99.14 percent). The biological unit operation alone did not demonstrate high
removals for BOD; (10.2 percent), TSS (9.32 percent), or for various metals (generaly less than 10
percent removals) becausethepollutantsweregenerdly not present inthebiol ogica treatment unit influent
at treatablelevels. The unit’sinfluent BOD, was 39.2 mg/L, TSSwas 11.8 mg/L, and most metaswere
not at detectable level s even though the raw wastewater at thisfacility exhibited a BOD, concentration of
991 mg/L, TSSof 532 mg/L, and severd metasat treatablelevels. Thebiologica treatment unit influent
waslow becausethisfacility employed large aerated equai zationtanksand achemical precipitation system
prior to biologica treatment. The equalization tanks had a retention time of gpproximately 15 days and
werefollowed by achemicad precipitation system using sodium hydroxide. Dueto thelongretentiontime
and wastewater agration, significant biological activity occurred in these tanks. The resulting insoluble
pollutantswereremovedin the primary clarifier prior to entering the biological towers. EPA did not detect
organic pollutant parametersin theeffluent fromthebiol ogical treatment processwith theexception of 1,4-

dioxane at a concentration of 13.8 ug/L.
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To determine the treatment efficiency of the entire treatment system, EPA determined the influent
concentration by taking aflow-weighted average of the two influent sampling points, sampling points 01
and 02. EPA represented the effluent from the trestment system by samplepoint 07. The entire trestment
system experienced good removals for the following conventional and nonconventional pollutants
parameters. BOD., TSS, ammonia as nitrogen, COD, TOC, and total phenols. Each of the organic
pollutant parametersidentifiedintheinfluent tothetreatment systemwasremoved to non-detectablelevels,
with the exception of 1,4-dioxane, which still experienced ahigh percent remova (94.2 percent). Most

metals had good percent removals or were removed to non-detectable levels.

8.2.1.2 Treatment Performance for Episode 4667

EPA performed a 5-day sampling program during episode 4667 to obtain performance data on various
treatmentunits,includingammoniaremoval ,hydroxidepreci pitation, biol ogica treatmentusingasequencing
batchreactor, granular activated-carbon adsorption, and multimediafiltration. A flow diagramof thelandfill
wastewater treatment system sampled during episode 4667 is presented in Figure 8-27. The wastewater
treatment process used at this Subtitle D non-hazardous facility primarily treats landfill generated
wastewater and asmall amount of sanitary wastewater flow from the on-site maintenance facility. Table
8-3 presentsasummary of percent removal datacollected during episode 4667 for the biological treatment
unit operation (SBR) and for the entire treatment system.

EPA determined the treatment efficiency of the biologica treatment unit using the data obtained from
sampling points 03 and 04 (see Figure 8-27). Asdemonstrated on Table 8-3, the SBR treatment unit
experienced moderate overdl removasfor TOC (43.4 percent), COD (24.7 percent), and BOD, (48.7
percent). The Agency observed improved remova efficienciesfor TSS(82.9 percent), total phenols(74.2
percent), and ammoniaas nitrogen (80.7 percent). Metdss, such as barium, chromium, and zinc, had low
removal efficiencies. However, as aso noted for facility 4626, the Agency observed these metasin the
influent to the biological system at |ow concentrations, often closeto thedetection limit. Other metalsalso
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had poor remova efficienciesincluding boron and silicon. EPA did not detect organic parametersin the
effluent from the SBR treatment unit.

EPA determinedthetreatment efficiency of theentiretreatment systemat thefacility usng thedataobtained
from sampling points 01 and 06 (see Figure 8-27). Overall the treatment system experienced good
removasfor BOD,, TSS, ammonia as nitrogen, COD, TOC and total phenols. Each of the organic
pollutantsdetected in theinfluent wasremoved to non-detect level sin the effluent. Also, each of themetd

parameters experienced a good removal rate through the treatment system.

8.2.1.3 Treatment Performance for Episode 4721

EPA performed a 5-day sampling program during episode 4721 to obtain performance data on the
sequencing batch reactor (SBR) treatment unit operation ingtaled at this Subtitle C hazardous facility. A
flow diagram of the landfill wastewater treatment system sampled during episode 4721 is presented in
Figure8-28. Thewastewater treatment processused at thisfacility treats predominately landfill generated
wastewater. Themgority of the landfill wastewater was generated by Subtitle D non-hazardous landfills.
However, the facility dso commingled wastewater generated by an on-site hazardous waste landfill for
treatment. Thefacility dsotreatslimited amountsof off-ste generated wastewater at theon-sitetreatment
plant, primarily from another landfill facility operated by the same entity. Table 8-4 presents asummary
of percent removal data collected during episode 4721 for the SBR treatment unit.

EPA determined the treatment efficiency of the biologica treatment unit using the data obtained from
sampling points 01 and 02 (see Figure 8-28). Asdemondtrated on the Table 8-4, the SBR treatment unit
experienced good overal removalsforanumber of convention/nonconventional and organic parameters,
including total phenols, BOD;, aniline, benzoic acid, 2-propanone, 2-butanone, naphthalene, apha
terpineol, ethylbenzene, p-cresol, m-xylene, 4-methyl-2-pentanone, toluene, phenol, hexanoic acid, and
ammoniaas nitrogen. EPA observed remova of al of the organic parameters detected in the influent to
non-detect levelsin the effluent. COD and TOC percent removals were observed at 72.2 and 66.3
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percent, respectively. The percent removal for TSSwas 72.1 percent. Metalswith quantitative percent
removasinclude arsenic (61.9 percent), chromium (46.3 percent), copper (61.2 percent), and zinc (66.3

percent).

8.2.14 Treatment Performance for Episode 4759

EPA performed a 5-day sampling program during episode 4759 to obtain performance data on various
treatment processesingta ledat thisSubtitleChazardousfacility,includingchemical precipitationusingferric
chlorideand sodium hydroxideand biological trestment using an activated dudge process. A flow diagram
of thelandfill wastewater treatment system sampled during episode4759 ispresented in Figure 8-29. The
wastewater treatment process used at thisfacility treats predominately landfill generated wastewater, but
a0 handleslimited amounts of contaminated storm water from storage containment systems. Table 8-5
presentsasummary of percent remova data collected at episode 4759 for the biological treatment units
only and for the entire treatment system (combined chemical precipitation and biological treatment

processes).

EPA determined thetreatment efficiency of thebiological trestment unit operationsusing the dataobtained
from sampling points 02 and 03 (see Figure 8-29). Asdemonstrated on the Table 8-5, the biological
treatment units experienced good overal removals for a number of conventional/nonconventional and
organic parameters, includingBOD., COD, TOC, total phenols, aniline, benzoic acid, 2,4-dimethylphenal,
2-propanone, methylene chloride, 2-butanone, benzyl alcohol, isobutyl alcohol, o-cresol, p-cresol, 4-
methyl-2-pentanone, phenol, pyridine, toluene, and hexanoic acid. Most of the organic parameters
detectedintheinfluent wereremoved to non-detect | evel sin theeffluent fromthebiol ogica treatment units
Mogt of the metal parameters, such as chromium, copper, selenium, titanium, and zinc, were observed at
low concentrationsintheinfluent tothebiol ogica treatment unitsand, therefore, did not demonstrategood

removal rates.
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EPA determinedthetreatment efficiency of theentiretreatment systemat thefacility usng thedataobtained
from sampling points 01 and 03 (see Figure 8-29). Asdemonstrated on Table 8-5, the entire treatment
system experienced good overal removals for a number of convention/nonconventional and organic
parameters, including total phenols, BOD,, 2,4-dimethylphenol, aniline, benzene, benzoic acid, 2-
propanone, methylenechloride, 2-butanone, benzyl dcohol, isobutyl acohol, o-cresol, p-cresol, 4-methyl-
2-pentanone, phenoal, pyridine, toluene, tripropyleneglycol methyl ether, and hexanoic acid. Mot of the
organic parameters detected in the influent were removed to non-detectable levelsin the effluent. COD
and TOC percent removas were observed at 76.4 percent and 84.2 percent, respectively. Ammonia as
nitrogen and TSS had poor removal rates of 25.7 percent and 26.6 percent, respectively. Metals with
quantitative percent removasinclude arsenic (46.6 percent), chromium (80.2 percent), copper (45.2
percent), strontium (66.8 percent), titanium (89.6 percent), and zinc (62.5 percent). Pesticide/herbicide
parameterssuchas2,4-DB, dicambaand dichloroprop had good remova efficienciesthroughthetreatment

system. Dioxin/furan parameters were not detected in either the influent or effluent samples.

8.2.15 Treatment Performance for Episode 4687

EPA performed a5-day sampling program during episode 4687 to obtain performance dataon thereverse
osmosistreatment processingtal led at thisNon-Hazardous Subtitle D facility. A flow diagram of thelandfill
wastewater trestment system sampled during episode 4687 is presented in Figure 8-30. The wastewater
treatment process used at this facility treats on-site landfill generated wastewater. Table 8-6 presents a
summary of percent removal datacollected at episode 4687 for asingle-passreverseosmossunitincluding
the multimediafiltration unit and the entire treatment system consisting of a second pass reverse 0SMosis

unit.

EPA determined thetreatment efficiency of thesingle-passreverse osmos streatment syssemat thefacility
using the data obtained from sampling points 01 and 02 (see Figure 8-30). Asdemonstrated on Table 8-
6, the Single-pass reverse osmosi s treatment system demonstrated good overall removalsfor anumber of

conventional/nonconventiona and organicparameters, including TSS, TOC,BOD,, TDS, COD, 4-methyl-
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2-pentanone, dphaterpineol, benzoic acid, tripropyleneglycol methyl ether, and hexanoicacid. A number
of other organic parametersa so were observed to have been removed by thetreatment processat various
levelslower than 95 percent. Tota phenols and ammoniaas nitrogen percent removaswere observed at
75.1 and 76.7 percent, respectively. Metals with quantitative percent removalsinclude arsenic (87.4
percent), boron (54.1 percent), silicon (88.3 percent), and strontium (92.9 percent). All of the
pesticide/herbicide parameters detected in the influent, including 2,4,5-TP, 2,4-D, 2,4-DB, dicamba,
dichlorprop, MCPA and MCPP, were removed to non-detect levels.

EPA determinedthetreatment efficiency of theentiretreatment systemat thefacility usng thedataobtained
from sampling points 01 and 03 (see Figure 8-30). The additiona polishing reverse osmos's unit caused
the remova efficiency of most of the conventiona and nonconventional parametersto increase. These
parameters include BOD,, ammonia as nitrogen, COD, TDS, TOC, and total phenols. The removal
efficiency of several organic parameterswere observed to increase from the single-pass treatment system
including 2-butanone, 2-propanone, phenoal, p-cresol, and toluene. The percent removal for boron aso
increased from 54.1 percent in the Single-pass reverse 0smos's system to 94.4 percent in the two-stage

reverse 0Smosis treatment system.
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Table 8-1: Wastewater Treatment Technologies Employed at In-Scope Landfill Facilities
(Percent of Landfills Industry)

Subtitle D Non-Hazardous Subtitle C
Hazardous
Treatment Technology Direct Indirect Indirect

Discharge Discharge Discharge
Equalization 21.0 11.2 0.0
Neutralization 6.3 6.7 33.3
Chemical oxidation 11.2 0.5 33.3
Chemical precipitation 9.1 54 33.3
Adsorption 14 1.3 0.0
Filtration 10.5 15 0.0
Stripping 4.2 1.3 0.0
Biological treatment 32.2 3.8 66.7
Gravity assisted separation 27.3 9.0 66.7
Sludge preparation 35 0.5 33.3
Sludge dewatering 12.6 5.2 66.7
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Table 8-2: Treatment Technology Performance for Facility 4626 - Subtitle D Municipal

Biological Treatment Unit Operation Only:

Entire Treatment System:

Pollutant of Interest CAS Sample Points 4 to 7 Sample Points 1 & 2 (flow weighted) to 7
Subtitle D Municipal # Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
Conventional
BOD C-002 | 2,000 04 39,200 07 35,200 10.2 | 2,000 1+2 991,067 07 35,200 96.5
TSS C-009 | 4,000 04 11,800 07 10,700 9.3 | 4,000 1+2 532,800 07 10,700 98.0
Nonconventional
Ammonia as Nitrogen 7664417 10.0 04 135,000 o7 1,156 99.1 10.0 1+2 193,333 07 1,156 99.4
COD C-004 | 5,000 04 1,742,600 07 159,400 90.9 | 5,000 1+2 4,028,000 07 159,400 96.0
Hexavalent Chromium 18540299 10.0 04 ND 07 ND 10.0 1+2 68.7 07 ND 85.4
Nitrate/Nitrite C-005 50.0 04 1,535 07 130,500 0.0 50.0 1+2 693 07 130,500 0.0
TDS C-010 04 5,960,000 07 5,181,000 13.1 1+2 5,012,667 07 5,181,000 0.0
TOC C-012 | 1,000 04 758,000 07 52,800 93.0 | 1,000 1+2 1,316,200 07 52,800 96.0
Total Phenols C-020 50.0 04 182 07 50.0 72.5 50.0 1+2 1,204 07 50.0 95.9
Organics
1,4-Dioxane 123911 10.0 04 NS 07 13.8 NS 10.0 1+2 240 07 13.8 94.2
2-Butanone 78933 50.0 04 NS 07 ND NS 50.0 1+2 227,893 07 ND 100
2-Propanone 67641 50.0 04 NS 07 ND NS 50.0 1+2 27,655 o7 ND 99.8
4-Methyl-2-Pentanone 108101 50.0 04 NS 07 ND NS 50.0 1+2 598 07 ND 91.6
Alpha Terpineol 98555 10.0 04 NS 07 ND NS 10.0 1+2 134 07 ND 92.6
Benzoic Acid 65850 50.0 04 NS 07 ND NS 50.0 1+2 14,657 07 ND 99.7
Hexanoic Acid 142621 10.0 04 NS 07 ND NS 10.0 1+2 36,256 07 ND 100
Methylene Chloride 75092 10.0 04 NS 07 ND NS 10.0 1+2 50.3 07 ND 80.1
N,N-Dimethylformamide 68122 10.0 04 NS 07 ND NS 10.0 1+2 39.3 07 ND 74.5
O-Cresol 95487 10.0 04 NS 07 ND NS 10.0 1+2 86.4 07 ND 88.4
P-Cresol 106445 10.0 04 NS 07 ND NS 10.6 1+2 ND 07 ND
/10.0
Phenol 108952 10.0 04 NS 07 ND NS 10.0 1+2 685 07 ND 98.5
Toluene 108883 10.0 04 NS 07 ND NS 10.0 1+2 1,095 07 ND 99.1
Tripropyleneglycol Methyl Ether 20324338 99.0 04 NS 07 ND NS 105 1+2 ND 07 ND
/99.0
Metals
Barium 7440393 | 200 04 10.3 07 218 0.0 200 1+2 2427 07 21.8 99.1
Boron 7440428 | 100 04 3,211 07 2,925 8.9 100 1+2 4330 07 2,925 325
Chromium 7440473 10.9 04 11.6 07 ND 6.5 10.9 1+2 36.6 07 ND 70.3
Silicon 7440213 100 04 784 07 648 17.4 100 1+2 768 07 648 15.7
Strontium 7440246 80.3 04 ND 07 825 0.0 100 1+2 2,912 07 825 97.2
Titanium 7440326 4.2 04 4.2 07 ND 1.0 4.2 1+2 13.0 07 ND 67.9
Zinc 7440666 10.6 04 ND 07 12.0 0.0 20.0 1+2 144 07 12.0 91.6
Pesticides/Her bicides
Dichloroprop 120365 1.0 04 NS 07 NS NS 1.0 1+2 NS 07 NS NS
Disulfoton 298044 2.0 04 NS 07 NS NS 2.0 1+2 NS 07 NS NS
Dioxins/Furans
1234678-HpCDD 35822469 50.0 04 NS 07 NS NS 50.0 1+2 NS 07 NS NS
pg/L pg/L
OCDD 3268879 | 100 04 NS 07 NS NS 100 1+2 NS 07 NS NS
pa/L pa/L

Negative percent removal are recorded as 0.0.
SP: Sample point.
DL.: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

NS: Not Sampled
ND: Non-detect
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Table 8-3: Treatment Technology Performance for Facility 4667 - Subtitle D Municipal

Biological Treatment Unit Operation Only: Entire Treatment System:
Pollutant of Interest CAS Sample Points 3 to 4 Sample Points 1 to 6
Subtitle D Municipal # Influent Effluent % Influent Effluent %

DL SP Conc. (ua/L) SP Conc. (ua/L) Removal DL SP Conc. (ua/L) SP Conc. (ua/L) Removal
Conventional
BOD C-002 | 2,000 03 232,600 04 119,300 48.7 | 2,000 01 1,088,000 06 201,000 81.5
TSS C-009 | 4,000 03 59,600 04 10,200 82.9 | 4,000 01 93,400 06 ND 95.7
Nonconventional
Ammonia as Nitrogen 7664417 10.0 03 134,800 04 26,040 80.7 10.0 01 295,900 06 12,060 95.9
COD C-004 | 5,000 03 635,000 04 478,200 24.7 | 5,000 01 2,932,000 06 251,000 91.4
Hexavalent Chromium 18540299 10.0 03 ND 04 ND 10.0 01 26.0 06 ND 61.5
Nitrate/Nitrite C-005 50.0 03 14,400 04 87,800 0.0 50.0 01 494 06 87,000 0.0
TDS C-010 03 4,024,000 04 3,987,000 0.9 01 6,232,000 06 3,834,000 385
TOC C-012 | 1,000 03 212,600 04 120,400 43.4 ] 1,000 01 1,098,600 06 82,000 92.5
Total Phenols C-020 50.0 03 204 04 52.6 74.2 50.0 01 940 06 ND 94.7
Organics
1,4-Dioxane 123911 10.0 03 NS 04 ND NS 10.0 01 323 06 ND 96.9
2-Butanone 78933 50.0 03 NS 04 ND NS 50.0 01 8,767 06 ND 99.4
2-Propanone 67641 50.0 03 NS 04 ND NS 50.0 01 13,021 06 ND 99.6
4-Methyl-2-Pentanone 108101 50.0 03 NS 04 ND NS 50.0 01 1,239 06 ND 96.0
AlphaTerpineol 98555 10.0 03 NS 04 ND NS 10.0 01 430 06 ND 97.7
Benzoic Acid 65850 50.0 03 NS 04 ND NS 50.0 01 33,335 06 ND 99.9
Hexanoic Acid 142621 10.0 03 NS 04 ND NS 10.0 01 37,256 06 ND 100
Methylene Chloride 75092 10.0 03 NS 04 ND NS 208 01 ND 06 ND

/10.0
N,N-Dimethylformamide 68122 10.0 03 NS 04 ND NS 10.0 01 1,008 06 ND 99.0
O-Cresol 95487 10.0 03 NS 04 ND NS 10.0 01 2,215 06 ND 99.6
P-Cresol 106445 10.0 03 NS 04 ND NS 10.0 01 ND 06 ND
Phenol 108952 10.0 03 NS 04 ND NS 10.0 01 387 06 ND 97.4
Toluene 108883 10.0 03 NS 04 ND NS 10.0 01 668 06 ND 98.5
Tripropyleneglycol Methyl Ether 20324338 99.0 03 NS 04 ND NS 99.0 01 ND 06 ND
Metals
Barium 7440393 200 03 19.4 04 324 0.0 200 01 283 06 2.6 85.0
Boron 7440428 100 03 2,842 04 2,483 12.6 100 01 6,700 06 2,334 65.2
Chromium 7440473 10.0 03 10.5 04 113 0.0 111 01 90.6 06 ND 87.7
Silicon 7440213 100 03 5,284 04 6,766 0.0 100 01 27,158 06 6,859 74.7
Strontium 7440246 100 03 193 04 237 0.0 100 01 1,935 06 249 87.1
Titanium 7440326 25 03 4.8 04 ND 48.1 25 01 69.9 06 ND 96.4
Zinc 7440666 20.0 03 25.2 04 58.6 0.0 20.0 01 494 06 27.1 94.5
Pesticides/Her bicides
Dichloroprop 120365 1.0 03 NS 04 ND NS 11.8 01 ND 06 ND
/1.0
Disulfoton 298044 2.0 03 NS 04 ND NS 2.0 01 6.1 06 ND 67.2
Dioxins/Furans
1234678-HpCDD 35822469 50.0 03 NS 04 NS NS 50.0 01 NS 06 NS NS
pg/L pg/L
OCDD 3268879 100 03 NS 04 NS NS 100 01 NS 06 NS NS
pa/L pa/L

Negative percent removal are recorded as 0.0.

NS: Not Sampled
ND: Non-detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP: Sample point
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Table 8-4: Treatment Technology Performance for Facility 4721 - Subtitle C Hazardous

Biologica Treatment Unit:

Pollutant of Interest CAS Sample Points 1 to 2
Subtitle C Hazardous # Influent Effluent %
DL SP Conc. (ua/L) SP Conc. (ua/L) Removal
Conventional
BOD C-002 2,000 01 877,875 02 47,000 94.7
Qil and Grease C-036 5,000 01 45,442 02 6,792 85.1
TSS C-009 4,000 01 191,375 02 53,375 72.1
Nonconventional
Amenable Cyanide C-025 10.0 01 ND 02 ND
Ammonia as Nitrogen 7664417 10.0 01 382,250 02 1,433 99.6
COD C-004 5,000 01 2,033,750 02 565,750 72.2
Nitrate/Nitrite C-005 50.0 01 1,770 02 333,375 0.0
TDS C-010 01 12,275,000 02 12,075,000 1.6
TOC C-012 1,000 01 562,250 02 189,625 66.3
Total Cyanide 57125 20.0 01 54.1 02 46.1 14.8
Total Phenols C-020 50.0 01 3,195 02 67.6 97.9
Organics
1,1-Dichloroethane 75343 10.0 01 315 02 ND 68.2
1,4-Dioxane 123911 10.0 01 ND 02 ND
2-Butanone 78933 50.0 01 6,398 02 ND 99.2
2-Propanone 67641 50.0 01 4,398 02 ND 98.9
2,4-Dimethylphenol 105679 10.0 01 79.0 02 ND 87.4
4-Methyl-2-Pentanone 108101 50.0 01 2,175 02 ND 97.7
Alpha Terpineol 98555 10.0 01 691 02 ND 98.6
Aniline 62533 10.0 01 685 02 ND 98.5
Benzene 71432 10.0 01 127 02 ND 92.2
Benzoic Acid 65850 50.0 01 5,294 02 ND 929.1
Benzyl Alcohol 100516 10.0 01 23.7 02 ND 579
Diethyl Ether 60297 50.0 01 104 02 ND 51.8
Ethylbenzene 100414 10.0 01 545 02 ND 98.2
Hexanoic Acid 142621 10.0 01 1,632 02 ND 99.4
Isobutyl Alcohol 78831 10.0 01 ND 02 ND
M-Xylene 108383 10.0 01 412 02 ND 97.6
Methylene Chloride 75092 10.0 01 49.2 02 ND 79.7
Naphthalene 91203 10.0 01 486 02 ND 97.9
O+P Xylene 136777612 10.0 01 155 02 ND 93.6
O-Cresol 95487 10.0 01 ND 02 ND
P-Cresol 106445 10.0 01 218 02 ND 95.4
Phenol 108952 10.0 01 1,553 02 ND 99.4
Pyridine 110861 10.0 01 12.0 02 ND 16.5
Toluene 108883 10.0 01 1,468 02 ND 99.3
Trans-1,2-Dichloroethene 156605 10.0 01 52.7 02 ND 81.0
Trichloroethene 79016 10.0 01 ND 02 ND
Tripropyleneglycol Methyl Ether 20324338 99.0 01 1,756 02 ND 94.4
Vinyl Chloride 75014 10.0 01 15.6 02 ND 36.0
Metals
Arsenic 7440382 10.0 01 1,492 02 569 61.9
Boron 7440428 100 01 8,839 02 8,449 4.4
Chromium 7440473 10.0 01 86.7 02 46.5 46.4
Copper 7440508 8.0 01 20.6 02 ND 61.2
Lithium 7439932 100 01 277 02 316 0.0
Metals (Cont’d)
Molybdenum 7439987 10.0 01 227 02 266 0.0
Nickel 7440020 40.0 01 131 02 125 4.1
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Table 8-4. Treatment Technology Performance for Facility 4721 - Subtitle C Hazardous (continued)

Biologica Treatment Unit:
Pollutant of Interest CAS Sample Points 1 to 2
Subtitle C Hazardous # Influent Effluent %
DL SP Conc. (ua/L) SP Conc. (ua/L) Removal
Selenium 7782492 155 01 20.0 02 ND 225
Silicon 7440213 100 01 5,518 02 5,024 9.0
Strontium 7440246 100 01 2,846 02 2,494 12.4
Tin 7440315 30.0 01 30.7 02 ND 2.4
Titanium 7440326 5.0 01 64.5 02 5.3 91.7
Zinc 7440666 20.0 01 253 02 85.3 66.3
Pesticides/Her bicides
2,4-D 94757 1.0 01 12 02 ND 14.0
2,4-DB 94826 2.0 01 3.9 02 ND 48.4
245TP 93721 0.2 01 0.5 02 ND 55.1
Dicamba 1918009 0.2 01 11 02 0.4 64.2
Dichloroprop 120365 1.0 01 21 02 13 37.7
MCPA 94746 50.0 01 59.1 02 ND 15.3
MCPP 7085190 50.0 01 153 02 51.9 66.1
Picloram 1918021 0.5 01 0.5 02 ND 2.0
Terbuthylazine 5915413 5.0 01 6.0 02 ND 16.8
Dioxins/Furans
1234678-HpCDD 35822469 50.0 01 588 02 NS NS
pg/L pg/L
1234678-HpCDF 67562394 50.0 01 63.3 02 NS NS
pg/L pg/L
OCDD 3268879 100.0 01 6,148 02 NS NS
pg/L pg/L
OCDF 39001020 100.0 01 237 02 NS NS
pa/L. pa/L

Negative percent removal are recorded as 0.0.

NS: Not Sampled

ND: Non-detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP:  Sample point.
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Table 8-5: Treatment Technology Performance for Facility 4759 - Subtitle C Hazardous

Pollutant of Interest

Bioliogical Treatment Unit Only:

Entire Treatment System

Subtitle C Hazardous CAS Sample Points 2 to 3 Sample Points 1 to 3
# Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
Conventional
BOD C-002 | 2,000 02 2,650,000 03 62,800 97.6 | 2,000 01 2,664,000 03 62,800 97.6
Qil and Grease C-036 | 5,000 02 30,167 03 9,333 69.1 | 5,000 01 37,333 03 9,333 75.0
TSS C-009 | 4,000 02 47,300 03 90,000 0.0 ] 4,000 01 122,600 03 90,000 26.6
Nonconventional
Amenable Cyanide C-025 20.0 |02 NS 03 271 NS 20.0 01 3,990 03 271 93.2
Ammonia as Nitrogen 7664417 10.0 |02 194,400 03 155,500 20.0 10.0 01 209,400 03 155,500 25.7
COD C-004 | 5,000 02 5,200,000 03 1,180,000 77.3 | 5,000 01 5,006,000 03 1,180,000 76.4
Nitrate/Nitrite C-005 50.0 |02 263,196 03 240,423 8.7 50.0 01 259,242 03 240,423 7.3
TDS C-010 02 17,230,000 03 15,680,000 9.0 01 16,360,000 03 15,680,000 4.2
TOC C-012 | 1,000 02 1,800,000 03 284,700 84.2 | 1,000 01 1,804,000 03 284,700 84.2
Total Cyanide 57125 20.0 |02 869 03 796 8.5 20.0 01 9,756 03 796 91.9
Total Phenols C-020 50.0 |02 97,340 03 155 99.8 50.0 01 97,860 03 155 99.8
Organics
1,1-Dichloroethane 75343 10.0 |02 238 |03 ND 58.0 10.0 01 26.7 03 ND 62.5
1,4-Dioxane 123911 10.0 |02 1,935 03 702 63.7 10.0 01 2,003 03 702 65.0
2-Butanone 78933 50.0 |02 1,633 03 ND 96.9 50.0 01 1,724 03 ND 97.1
2-Propanone 67641 50.0 |02 3,254 03 65.0 98.0 50.0 01 3,634 03 65.0 98.2
2,4-Dimethylphenol 105679 10.0 |02 1,798 03 201 88.8 10.0 01 1,550 03 201 87.0
4-Methyl-2-Pentanone 108101 50.0 |02 1,009 03 ND 95.1 50.0 01 1,027 03 ND 95.1
AlphaTerpineol 98555 10.0 02 ND 03 ND 10.0 01 ND 03 ND
Aniline 62533 10.0 |02 577 03 ND 98.3 10.0 01 533 03 ND 98.1
Benzene 71432 10.0 |02 320 |03 ND 68.7 10.0 01 36.2 03 ND 72.4
Benzoic Acid 65850 500 |02 70,690 03 ND 99.9 50.0 01 64,957 03 ND 99.9
Benzyl Alcohol 100516 10.0 |02 859 03 ND 98.8 10.0 01 878 03 ND 98.9
Diethyl Ether 60297 50.0 |02 ND 03 ND 50.0 01 ND 03 ND
Ethylbenzene 100414 10.0 |02 13.8 |03 ND 27.3 10.0 01 15.8 03 ND 36.5
Hexanoic Acid 142621 10.0 |02 5,266 03 ND 99.8 10.0 01 3,640 03 ND 99.7
Isobutyl Alcohol 78831 10.0 |02 127 03 ND 9.1 10.0 01 138 03 ND 92.8
M-Xylene 108383 10.0 |02 106 |03 ND 5.3 10.0 01 10.7 03 ND 6.2
Methylene Chloride 75092 10.0 |02 604 03 10.3 98.3 10.0 01 661 03 10.3 98.4
Naphthalene 91203 10.0 |02 220 |03 ND 54.6 10.0 01 24.8 03 ND 59.6
O+P Xylene 136777612 10.0 02 ND 03 ND 10.0 01 ND 03 ND
O-Cresol 95487 10.0 |02 61.2 |03 ND 83.7 10.0 01 188 03 ND 94.7
P-Cresol 106445 10.0 |02 5,119 03 ND 99.8 10.0 01 5,022 03 ND 99.8
Phenol 108952 10.0 |02 54,808 03 29.7 100 10.0 01 65,417 03 29.7 100
Pyridine 110861 10.0 |02 309 03 ND 96.8 10.0 01 301 03 ND 96.7
Toluene 108883 10.0 |02 120 03 ND 91.7 10.0 01 136 03 ND 92.6
Trans-1,2-Dichloroethene 156605 10.0 |02 ND 03 ND 10.0 01 ND 03 ND
Trichloroethene 79016 10.0 |02 ND 03 ND 10.0 01 ND 03 ND
Tripropyleneglycol Methyl Ether 20324338 99.0 |02 ND 03 ND 99.0 01 1,021 03 ND 90.3
Vinyl Chloride 75014 10.0 |02 ND 03 ND 10.0 01 ND 03 ND
Metals
Arsenic 7440382 10.0 |02 389 03 312 19.9 10.0 01 584 03 312 46.6
Boron 7440428 | 100 02 2,706 03 2,486 8.1 100 01 2,918 03 2,486 14.8
Chromium 7440473 100 f02 158 03 824 47.8 10.0 01 415 03 824 80.2
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Table 8-5: Treatment Technology Performance for Facility 4759- Subtitle C Hazardous (continued)

Bioliogical Treatment Unit Only:

Entire Treatment System

Pollutant of Interest CAS Sample Points 2 to 3 Sample Points 1 to 3
Subtitle C Hazardous # Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
M etals (cont.)
Copper 7440508 250 |02 611 |03 76.4 0.0 25.0 01 139 03 76.4 45.2
Lithium 7439932 | 100 02 253 03 239 5.5 100 01 266 03 239 10.2
Molybdenum 7439987 10.0 |02 13,710 03 13,130 4.2 10.0 01 13,260 03 13,130 1.0
Nickel 7440020 400 |02 2,014 03 1,878 6.8 40.0 01 2,060 03 1,878 8.8
Selenium 7782492 50 |02 191 03 190 0.2 5.0 01 178 03 190 0.0
Silicon 7440213 | 100 02 6,924 03 6,153 11.1 100 01 6,036 03 6,153 0.0
Strontium 7440246 | 100 02 105 03 94.4 9.9 100 01 284 03 94.4 66.8
Tin 7440315 300 |02 800 03 723 9.5 30.0 01 908 03 723 20.4
Titanium 7440326 50 |02 51 |03 2.4 52.1 5.0 01 23.3 03 2.4 89.6
Zinc 7440666 20.0 |02 26.7 |03 47.2 0.0 20.0 01 126 03 47.2 62.5
PesticidesHerbicides
2,4-D 94757 1.0 |02 NS 03 11.8 NS 1.0 01 11.2 03 11.8 0.0
2,4-DB 94826 20 |02 NS 03 4.3 NS 2.0 01 43.8 03 4.3 90.2
245TP 93721 02 |02 NS 03 0.4 NS 0.2 01 0.5 03 0.4 18.3
Dicamba 1918009 02 |02 NS 03 0.9 NS 0.2 01 41.6 03 0.9 97.9
Dichloroprop 120365 1.0 |02 NS 03 4.7 NS 1.0 01 18.3 03 4.7 74.3
MCPA 94746 500 |02 NS 03 182 NS 50.0 01 332 03 182 45.3
MCPP 7085190 50.0 |02 NS 03 288 NS 50.0 01 662 03 288 56.5
Picloram 1918021 05 |02 NS 03 2.5 NS 0.5 01 45 03 2.5 45.2
Terbuthylazine 5915413 50 |02 NS 03 28.4 NS 5.0 01 97.6 03 28.4 70.9
Dioxins/Furans
1234678-HpCDD 35822469 50.0 |02 NS 03 ND NS 50.0 01 ND 03 ND
pg/L pg/L
1234678-HpCDF 67562394 50.0 |02 NS 03 ND NS 50.0 01 ND 03 ND
pg/L pg/L
OCDD 3268879 | 100 02 NS 03 ND NS 100 01 ND 03 100
pg/L pg/L pg/L
OCDF 39001020 | 100 02 NS 03 ND NS 100 01 ND 03 ND
pa/L pa/L

Negative percent removal are recorded as 0.0.

NS:
ND:
DL:
SP:

Not Sampled
Non-detect

Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit

Sample point.




09-8

Table 8-6: Treatment Technology Performance for Facility 4687 - Subtitle D Municipal

Single-Stage Reverse Osmosis Treatment System Only:

Entire Treatment System:

Pollutant of Interest CAS Sample Point 1 to 2 Sample Point 1 to 3
Subtitle D Municipal # Influent Effluent % Influent Effluent %
DL SP Conc. (ug/L) SP Conc. (ug/L) Removal DL SP Conc. (ug/L) SP Conc. (ug/L) Removal
Conventional
BOD C-002 | 2,000 01 1,182,000 02 54,000 95.4 | 2,000 01 1,182,000 03 5,400 99.5
TSS C-009 | 4,000 01 171,800 02 ND 97.7 | 4,000 01 171,800 03 ND 97.7
Noconventional
Ammonia as Nitrogen 7664417 10.0 01 58,480 02 13,600 76.7 10.0 01 58,480 03 608 99.0
COD C-004 | 5,000 01 1,526,000 02 72,200 95.3 | 5,000 01 1,526,000 03 11,400 99.3
Hexavalent Chromium 18540299 10.0 01 28.0 02 ND 64.3 10.0 01 28.0 03 ND 64.3
Nitrate/Nitrite C-005 50.0 01 1,300 02 666 48.8 50.0 01 1,300 03 502 61.4
TDS C-010 01 2,478,000 02 116,600 95.3 [10,000 01 2,478,000 03 ND 99.6
TOC C-012 | 1,000 01 642,600 02 25,000 96.1 [10,000 01 642,600 03 ND 98.4
Total Phenols C-020 50.0 01 1,262 02 316 75.0 50.0 01 1,262 03 62.8 95.0
Organics
1,4-Dioxane 123911 10.8 01 ND 02 ND 10.8 01 ND 03 ND
/14.9 /10.0
2-Butanone 78933 50.0 01 3,250 02 1,774 454 50.0 01 3,250 03 372 88.6
2-Propanone 67641 50.0 01 1,580 02 1,842 0.0 50.0 01 1,580 03 470 70.3
4-Methyl-2-Pentanone 108101 50.5 01 382 02 ND 86.8 50.0 01 382 03 ND 86.9
Alpha Terpineol 98555 10.0 01 44.5 02 ND 775 10.0 01 44.5 03 ND 775
Benzoic Acid 65850 50.0 01 7,685 02 96.3 98.8 50.0 01 7,685 03 ND 99.4
Hexanoic Acid 142621 10.0 01 5,818 02 118 98.0 10.0 01 5,818 03 ND 99.8
Methylene Chloride 75092 10.0 01 ND 02 ND 10.0 01 ND 03 ND
N,N-Dimethylformamide 68122 10.0 01 ND 02 ND 10.0 01 ND 03 ND
O-Cresol 95487 10.0 01 ND 02 ND 10.0 01 ND 03 ND
P-Cresol 106445 10.0 01 797 02 253 68.3 10.0 01 797 03 22.3 97.2
Phenol 108952 10.0 01 702 02 185 73.6 10.0 01 702 03 29.3 95.8
Toluene 108883 10.0 01 376 02 112 70.2 10.0 01 376 03 15.1 96.0
Tripropyleneglycol Methyl Ether 20324338 99.0 01 1,207 02 ND 91.8 99.0 01 1,207 03 ND 91.8
Metals
Barium 7440393 | 200 01 280 02 5.6 98.0 200 01 280 03 1.4 99.5
Boron 7440428 | 100 01 1,808 02 830 54.1 100 01 1,808 03 101 94.4
Chromium 7440473 9.0 01 ND 02 ND 9.0 01 ND 03 ND
Silicon 7440213 | 100 01 4,362 02 511 88.3 100 01 4,362 03 355 91.9
Strontium 7440246 | 100 01 1,406 02 ND 92.9 100 01 1,406 03 ND 92.9
Titanium 7440326 4.0 01 ND 02 ND 4.0 01 ND 03 ND
Zinc 7440666 10.9 01 ND 02 ND 10.9 01 ND 03 ND
/9.0 /10.0
Pesticides/Her bicides
Dichloroprop 120365 1.0 01 6.1 02 ND 83.6 1.0 01 6.1 03 ND 83.6
Disulfoton 298044 2.0 01 14.3 02 ND 86.1 2.0 01 14.3 03 ND 86.1
Dioxins/Furans
1234678-HpCDD 35822469 49.8 01 ND 02 NS NS 49.8 01 ND 03 NS NS
pg/L pg/L
OCDD 3268879 99.5 01 ND 02 NS NS 99.5 01 ND 03 NS NS
pa/L pa/L

Negative percent removal are recorded as 0.0.

NS: Not Sampled
ND: Non-detect

DL: Specific detection limits of sample when there is a non-detect, otherwise it is the method detection limit
SP:  Sample point.
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